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Computer graphics is an exciting field of endeavor, but it is often difficult for a
newcomer to get started.  This course is that opportunity.  The topics being
presented will address many areas within computer graphics and treat each from
the point of view of “why-do-I-care” and “how-to.”  Those who take this course
will emerge well-prepared to take on further study, including the taking of other
SIGGRAPH courses.  Attendees will also be ready to take on the vendor show
and better appreciate the Electronic Theatre.  We hope you enjoy reading and
using these notes as much as we enjoyed preparing them.

If you have specific comments about how we can improve the course or the notes,
please send them to me at: mjb@sdsc.edu

– Mike Bailey

Take them, use them, bring them to the masses.
Shake them, lose them, sing them to your classes.
Tiles of tides, piles of slides.
Piles of slides that no-one derides.
Slides of knowledge, slides of power – slides that last a half an hour.
Small slides.  Blue slides.  Old-hat and what's-new slides.
Take a slide and project it wide.
Project it far and make it tall, a slide's a slide that's seen by all.
SIGGRAPH slides go into holders, printed pages go into folders.
We teach.  We teach in courses.  We teach whatever the market enforces.
You want pixels?  You want rays?
We'll lead you through the graphics maze.

– Andrew Glassner
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About the Speakers

Michael J. Bailey

Mike Bailey is a researcher at the San Diego Supercomputer Center and an adjunct
professor in the Computer Science and Mechanical Engineering departments at the
University of California at San Diego.  Mike received his Ph.D. from Purdue University.
He has also worked at Sandia National Laboratories, Purdue University, Megatek, SDSC,
and UCSD.  Mike’s areas of interest include scientific visualization, computer aided
design, and solid freeform fabrication.  He has authored numerous papers on the use of
computer graphics in engineering and science.  Mike founded the interdisciplinary Design
Visualization Lab at SDSC/UCSD, which includes the Center for Visualization Prototypes
which applies solid freeform fabrication methods to visualization problems.  Mike has
served on the SIGGRAPH Executive Committee and was SIGGRAPH conference co-chair
in 1991.  Mike has also served as SIGGRAPH Courses Chair in 1984, 1985, 1987, 1988,
and 1994.

Andrew S. Glassner

Dr. Andrew Glassner is an independent writer and consultant. He has worked at the NYIT
Computer Graphics Lab, Case Western Reserve University, the IBM TJ Watson Research
Lab, the Delft University of Technology, Bell Communications Research, Xerox PARC,
and Microsoft Research.  He has published numerous technical papers on topics ranging
from digital sound to new rendering techniques.  His book 3D Computer Graphics: A
Handbook for Artists and Designers has taught a generation of artists.  Glassner created
and edited the Graphics Gems book series and the book  An Introduction to Ray Tracing.
His most recent text is Principles of Digital Image Synthesis, a two-volume treatise on
rendering theory and practice published by Morgan-Kaufmann.  Andrew served
SIGGRAPH '94 as Chair of the Papers Committee, and creator of the Sketches venue.  He
has also served as Founding Editor of the Journal of Graphics Tools, and Editor-in-Chief
of ACM Transactions on Graphics.  In his free time Andrew plays jazz piano, draws, and
writes fiction.  He holds a Ph.D. in Computer Science from the University of North
Carolina at Chapel Hill.
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Course Schedule

 8:30 -  9:00 Welcome ......................................................................... M
Overview of the Course
Overview of the Graphics Process
Some graphics to look at

9:00 – 10:00 Modeling ......................................................................... A

10:00 – 10:15 Morning Break

10:15 – 11:15 Rendering ........................................................................ A

11:15 – 12:00 Graphics display hardware .............................................. M

12:00 –  1:30 Lunch

 1:30 –  2:30 Animation........................................................................ A

 2:30 –   3:00 Scientific Visualization ................................................... M

  3:00 –  3:15 Afternoon Break

  3:15 –   3:30 More Scientific Visualization ......................................... M

  3:30 –   3:45 Input devices ................................................................... M

  3:45 –   4:00 Graphics on the World Wide Web .................................. M

  4:00 –  4:15 How to attend a SIGGRAPH .......................................... M

  4:15 –  4:30 Finding additional information ....................................... M

  4:30 –  5:00 Questions and general discussion.................................... A & M
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Course Goals

•• Provide a background for papers, panels, Provide a background for papers, panels, 
and other coursesand other courses

•• Help appreciate the Electronic TheaterHelp appreciate the Electronic Theater

•• Get more from the vendor exhibitsGet more from the vendor exhibits

•• Give our take on where the future isGive our take on where the future is

•• Provide pointers for further studyProvide pointers for further study
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Topics

•• Overview of the “Graphics Process” (Mike)Overview of the “Graphics Process” (Mike)

•• Modeling (Andrew)Modeling (Andrew)

•• Rendering (Andrew)Rendering (Andrew)

•• Display Hardware (Mike)Display Hardware (Mike)
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More Topics

•• Animation (Andrew)Animation (Andrew)

•• Scientific Visualization (Mike)Scientific Visualization (Mike)

•• Input Devices (Mike)Input Devices (Mike)
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And, Even More Topics !

•• Graphics on the Web (Mike)Graphics on the Web (Mike)

•• How to Attend a SIGGRAPH (Mike)How to Attend a SIGGRAPH (Mike)

•• Finding Additional Information (Mike)Finding Additional Information (Mike)

••  Questions and General Discussion Questions and General Discussion
(Andrew & Mike)(Andrew & Mike)
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An Introduction to ModelingAn Introduction to Modeling

$QGUHZ�*ODVVQHU

Why Create 3D Models?Why Create 3D Models?

,PDJH�6\QWKHVLV

'HVLJQ

0DQXIDFWXULQJ

6LPXODWLRQ

$UW

Models for Image SynthesisModels for Image Synthesis

&DPHUD

9LHZSRLQW�IRU�LPDJH

/LJKW�6RXUFHV

5DGLDWH�OLJKW

+DYH�VL]H�DQG�VKDSH

2EMHFWV

3K\VLFDO�VWUXFWXUHV

Models for SimulationModels for Simulation

3K\VLFV

$Q�DLUSODQH�ZLQJ

0HFKDQLFV

)LW�EHWZHHQ�SDUWV

0DQXIDFWXUDELOLW\

Model AttributesModel Attributes

6WUXFWXUH

*HRPHWU\�DQG�7RSRORJ\

$SSHDUDQFH

/RRNV�DQG�VXUIDFHV

Levels of DetailLevels of Detail

9LVXDO�GHWDLO�IRU�LPDJHV

6WUXFWXUDO�GHWDLO�IRU�VLPXODWLRQ
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Detail for Image SynthesisDetail for Image Synthesis

5HDO�VKDSHV�DUH�FRPSOH[�

0RUH�GHWDLO� �PRUH�UHDOLVP

7DNHV�ORQJHU�WR�PRGHO��ORQJHU�WR
UHQGHU��DQG�RFFXSLHV�PRUH�GLVN
VSDFH

3URFHGXUDO�REMHFWV

0RUH�GHWDLO�ZKHQ�\RX�ZDQW�LW

Detail for SimulationDetail for Simulation

&DQ�DIIHFW�DFFXUDF\�RI
VLPXODWLRQ

'LIIHUHQW�VLPXODWLRQV�UHTXLUH
GHWDLO�LQ�GLIIHUHQW�SODFHV

Levels of Detail forLevels of Detail for
SimulationsSimulations

Does it fit in the box? Does it fit with the cover on?
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Types of ModelersTypes of Modelers

,QWHUDFWLYH

6FULSWHG

'DWD�&ROOHFWLRQ

2WKHUV
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Primitives and InstancesPrimitives and Instances

3ODWRQLF�³LGHDO´

6KDSHV�DUH�LQVWDQFHV�RI
SULPLWLYHV

(DFK�LQVWDQFH�PD\�EH�GLIIHUHQW
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Choosing a ModelChoosing a Model
RepresentationRepresentation
&RVW

(IIHFWLYHQHVV

&RPSOH[LW\

(DVH�RI�6LPXODWLRQ

(DVH�RI�$QLPDWLRQ

Model CostModel Cost

'HVLJQHU¶V�WLPH

&RPSXWHU�6WRUDJH

5HQGHULQJ�7LPH

6LPXODWLRQ�7LPH

(DVH�RI�$QLPDWLRQ

Model EffectivenessModel Effectiveness

*HRPHWU\

/RRNV

$FFXUDF\

$SSHDUDQFH

/RRNV

$FFXUDF\

Model ComplexityModel Complexity

1XPEHU�RI�SULPLWLYHV

1XPEHU�RI�VKDSHV

&RPSOH[LW\�RI�HDFK�LQVWDQFH

Model SimulationModel Simulation

,V�VKDSH�PDWFKHG�WR�VLPXODWRU"

&RVW�RI�FRQYHUVLRQ

7LPH�DQG�VWRUDJH

0DLQWDLQLQJ�GXSOLFDWH�YHUVLRQV
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Model AnimationModel Animation

$UWLFXODWLRQ

*HWWLQJ�DW�WKH�SDUW�\RX�ZDQW

*HWWLQJ�LW�WR�PRYH�FRUUHFWO\

3K\VLFV�RI�PRWLRQ

&RQVWUDLQWV

Modeling and RenderingModeling and Rendering

5HQGHULQJ�DGGV�OLJKW

7KH�UHQGHUHU�WUDFNV�WKH�OLJKW

/LJKWV�DQG�FDPHUDV�DUH�SDUW�RI
WKH�PRGHO�

Modeling and AnimationModeling and Animation

$QLPDWLQJ�LV�D�PRGHO�RYHU�WLPH

'LIIHUHQW�NH\V�JLYHQ�E\�WKH
DQLPDWRU�DUH�LQWHUSRODWHG�WR
JLYH�LQ�EHWZHHQV

Levels of DetailLevels of Detail

8VH�RQO\�HQRXJK�GHWDLO

&RPSOH[LW\�FRVWV

6ZLWFK�OHYHOV�RI�GHWDLO

5HTXLUHV�PXOWLSOH�PRGHOV

6ZLWFKLQJ�LV�KDUG�WR�KLGH

$XWRPDWLF�0HWKRGV

Procedural ModelsProcedural Models

&UHDWH�PRGHO�RQ�GHPDQG

0RGHOV�IURP�FRDUVH�WR�ILQH

5HTXLUHV�VNLOOIXO�SURJUDPPLQJ

Basic Linear OperationsBasic Linear Operations
on Primitiveson Primitives

Translate

Rotate

Scale
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Free-Form DeformationFree-Form Deformation

&KDQJH�WKH�VSDFH��QRW�WKH
REMHFW

*UHDW�IRU�DQLPDWLRQ

$OORZV�IOH[LEOH�WUDQVIRUPDWLRQV

%HQG��WZLVW��WDSHU��PHOW��HWF�
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Types of PrimitivesTypes of Primitives

��'LPHQVLRQV��3RLQWV

��'LPHQVLRQ��/LQHV

��'LPHQVLRQV��6XUIDFHV

��'LPHQVLRQV��9ROXPHV
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Point PrimitivesPoint Primitives

3DUWLFOH�V\VWHPV

5HTXLUHV�PDQ\�SDUWLFOHV

2IWHQ�SURFHGXUDOO\�FRQWUROOHG

Surface PrimitivesSurface Primitives

3RO\JRQV

3DWFKHV

PolygonsPolygons

6LPSOH�WR�GHILQH�DQG�XVH

$VVHPEOH�WR�PDNH�SRO\KHGUD

)ODW

)ODW

)ODW

5HDOO\��UHDOO\�IODW��DOZD\V
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PatchesPatches

1DWXUDOO\�FXUYHG

'HILQHG�E\�FRQWURO�SRLQWV�RU
FXUYHV

,QWHUSRODWLQJ

$SSUR[LPDWLQJ
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Interpolation andInterpolation and
ApproximationApproximation

Interpolation

Approximation

ContinuityContinuity

0-order0-order

1-order1-order

2-order2-order

Types of PatchesTypes of Patches

%H]LHU

%�VSOLQH

%LFXELF

185%6

PDQ\�PRUH
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Volumetric PrimitivesVolumetric Primitives

9ROXPHV�WKDW�HQFORVH�VRPH
VSDFH

2SHQ�YV��FORVHG

&DQ�EH�FRPSOH[��H�J��D�GRQXW

VoxelsVoxels

6PDOO�EORFNV�RI�VSDFH

(TXDOO\�VL]HG��JULG�

9DU\LQJ�VL]HV��RFWUHH�

VoxelsVoxels for Approximation for Approximation

Original Shape Voxel Approximation

Constructive Solid GeometryConstructive Solid Geometry

&RPELQDWLRQ�UXOHV�IRU�VROLGV

(DFK�FRPELQHV�WZR�VROLGV

5HVXOWV�FDQ�DUH�QHZ�VROLG

&6*�7UHH

7KUHH��RU�IRXU��UXOHV
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CSGCSG
AA BB

Union: A + BUnion: A + B

Difference: A-BDifference: A-B

Intersection: A&BIntersection: A&B

Difference is NotDifference is Not
SymmetricalSymmetrical

A-BA-B

B-AB-A

AA BB

Difference is Useful forDifference is Useful for
Cutting HolesCutting Holes

Block - CylinderBlock + Cylinder



20

Introduction to Modeling / Siggraph ‘01

Fillets and BlendsFillets and Blends

0DNH�D�VPRRWK�MRLQ�EHWZHHQ
VXUIDFHV

+DUG�WR�GR�DXWRPDWLFDOO\

Algebraic FunctionsAlgebraic Functions

F(x,y)= xF(x,y)= x22 +  y +  y22 -  radius -  radius22

F(x,y)=0F(x,y)=0

BlobsBlobs

$OJHEUDLF�IXQFWLRQV��XVXDOO\
VSKHULFDO

$GG�WRJHWKHU�WR�PDNH�VPRRWK
EOHQGV



21

Introduction to Modeling / Siggraph ‘01

Surface of RevolutionSurface of Revolution

0DNH�DQ�RXWOLQH

5HYROYH�LW

ExtrusionExtrusion

0DNH�DQ�RXWOLQH

6ZHHS�LW�DORQJ�D�OLQH�RU�FXUYH
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ShadingShading
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TextureTexture
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KnotworkKnotwork
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Texturing MethodsTexturing Methods

1DWLYH�0DSSLQJ

3ODQDU�0DSSLQJ 1DWLYH�0DSSLQJ
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1DWLYH�0DSSLQJ &\OLQGULFDO�0DSSLQJ

3ODQDU�0DSSLQJ 6KULQN�0DSSLQJ

6SKHULFDO�0DSSLQJ



37

Introduction to Modeling / Siggraph ‘01

Procedural ModelsProcedural Models

)UDFWDOV

*UDSKWDOV

6KDSH�*UDPPDUV

*HQHUDO�3URFHGXUDO�0RGHOV

FractalsFractals

6HOI�VLPLODU

,QILQLWH�GHWDLO

&RPSXWHU�RQO\�DSSUR[LPDWHV

'LIILFXOW�WR�FRQWURO

0RXQWDLQV�DQG�IHUQV
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GraphtalsGraphtals

0DNH�WKH�VWUXFWXUH�ILUVW

$GG�JHRPHWU\�ODWHU

8VHIXO�IRU�SODQWV�DQG�RUJDQLF
IRUPV

'DWD�$PSOLILFDWLRQ

Shape GrammarsShape Grammars

6KDSHV�WKDW�WXUQ�LQWR�RWKHU
VKDSHV

'HWDLOV�WKDW�ZRUN�ZLWK�VXEVWUDWH

'DWD�$PSOLILFDWLRQ
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2D Variations2D Variations



40

Introduction to Modeling / Siggraph ‘01



41

Introduction to Modeling / Siggraph ‘01



42

Introduction to Modeling / Siggraph ‘01



43

Introduction to Modeling / Siggraph ‘01



44

Introduction to Modeling / Siggraph ‘01

3D Shape Grammars3D Shape Grammars
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General Procedural ModelsGeneral Procedural Models

0RVW�SRZHUIXO�WHFKQLTXH�RI�DOO

6PRRWK�FKDQJHV�LQ�GHWDLO

6XSSRUWV�VLPXODWLRQ��DQLPDWLRQ

$OORZV�PRGHOV�WKDW�LQWHUDFW�ZLWK
WKH�VFHQH
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Modeling EnvironmentsModeling Environments

,QWHUDFWLYH

6FULSWHG

&DSWXUHG

&OLS�$UW

Interactive ModelingInteractive Modeling

,QWHUDFWLYH

([SORUDWRU\

,PPHGLDWH�)HHGEDFN
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Scripted ModelingScripted Modeling

3UHFLVH

5HSHDWDEOH

Physical ModelsPhysical Models

%XLOG�XS��'�LQWXLWLRQ

6WUHWFKHV�YLVXDO�LPDJLQDWLRQ
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Captured ModelingCaptured Modeling

$OORZV�FDSWXULQJ�UHDO�ZRUOG
VKDSHV

*HQHUDWHV�ULFK�PRGHOV

&DQ�EH�QRLV\

&DQ�KDYH�JHRPHWULF�UHVWULFWLRQV

Clip ArtClip Art

)DVW�DFTXLVLWLRQ

&DQ�EH�FKHDSHU

0D\�QRW�EH�DUWLFXODWHG�DV�\RX
ZDQW

'LIILFXOW�WR�FXVWRPL]H

Modeling for AnimationModeling for Animation

5LJLG�VWUXFWXUHV�DUH�HDVLHVW�WR
PDNH

$UWLFXODWHG�VWUXFWXUHV�DUH
HDVLHVW�WR�DQLPDWH

3ODQ�IRU�ZKHUH�\RX�ZDQW�PRWLRQ

%XLOW�LQ�FRQVWUDLQWV



57

Introduction to Modeling / Siggraph ‘01

ConclusionsConclusions

0DQ\�SULPLWLYHV

0DQ\�PRGHOHUV

8VH�ZKDW�\RX�QHHG

PRGHOHU��SULPLWLYH��FRQVWUXFWLRQ
VW\OH��DQG�OHYHO�RI�GHWDLO

7KLQN�EHIRUH�\RX�PRGHO�
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An IntroductionAn Introduction
to Renderingto Rendering

$QGUHZ�*ODVVQHU

Introduction to RenderingIntroduction to Rendering

$QGUHZ�*ODVVQHU

What is Rendering?What is Rendering?

7XUQLQJ�LGHDV�LQWR�SLFWXUHV

&RPPXQLFDWLRQV�WRRO

$�PHDQV�WR�DQ�HQG

Rendering RootsRendering Roots

7KH�9LVXDO�$UWV

3DLQWLQJ��6FXOSWXUH

3K\VLFV

6WXG\LQJ�QDWXUH

&RPSXWHUV

(IILFLHQW�DOJRULWKPV
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Approaches to RenderingApproaches to Rendering

6LPXODWH�1DWXUH

$Q\WKLQJ�HOVH

Simulating NatureSimulating Nature

$GYDQWDJHV

3UHFLVH�JRDO

3DWK�LV�FOHDU

3UDFWLFDO�YDOXH

'LVDGYDQWDJHV

,JQRUHV�RWKHU�VW\OHV
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PhotorealismPhotorealism

7KH�%LJ�:LQQHU�VR�IDU

FRLQHG�LQ�����

MXVW�RQH�VFKRRO�RI�DUW

DOWHUQDWLYHV�HPHUJLQJ
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Today’s viewToday’s view

5HQGHULQJ�DV�FRPPRGLW\

%X\��GRQ¶W�ZULWH

6WLOO�UHTXLUHV�FDUH

(IILFLHQF\

$FFXUDF\

(IIHFWV

Purpose of this talkPurpose of this talk

7KH�EDVLF�LGHDV

7HFKQLTXHV

7UDGHRIIV

9RFDEXODU\

+LJK�OHYHO�XQGHUVWDQGLQJ

1RW�SURJUDPPLQJ�

The Big PictureThe Big Picture

)DNH�D�SKRWR��DOPRVW�

'DWD�LQWR�SLFWXUH

*HRPHWU\

6XUIDFHV
5HIOHFWLRQ

7UDQVSDUHQF\

(PLVVLRQ

&DPHUD�DQG�ILOP

RenderingRendering

7UDQVIRUPDWLRQ

,QSXWV

*HRPHWU\��SK\VLFV��SURJUDPV�
LPDJHV��SHUFHSWLRQ

2XWSXW

,PDJHV

The Rendering EquationThe Rendering Equation

8QLILHV�DOO�DOJRULWKPV

%DVHG�RQ�QXFOHDU�SK\VLFV

7ULYLDO�DQG�VHOI�HYLGHQW
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RenderingRendering

,QWHUDFWLRQ�RI�/LJKW�DQG�0DWWHU

/LJKW

0DWWHU

The Flow of LightThe Flow of Light

)OX[

3KRWRQV�LQ�VSDFH

Light and MatterLight and Matter

5HIOHFWLRQ

7UDQVPLVVLRQ

$EVRUSWLRQ
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The InteractionThe Interaction

/LJKW�DUULYHV

(QHUJ\�WUDQVIHUV

/LJKW�GHSDUWV

The Usual QuestionThe Usual Question

:KDW¶V�WKH�FRORU�RI�WKH�OLJKW

IURP�WKLV�SRLQW

RQ�WKLV�VXUIDFH

LQ�WKLV�GLUHFWLRQ
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ShadingShading

���&DOFXODWH�LQFLGHQW�OLJKW

���,QWHUDFW�ZLWK�PDWHULDO

���&DOFXODWH�RXWJRLQJ�OLJKW
1. Gather Incident Light1. Gather Incident Light

2. Interact With Material2. Interact With Material
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3. Calculate Outgoing Light3. Calculate Outgoing Light

Shading and VisibilityShading and Visibility

9LVLELOLW\

:KDW�ZH�VHH

6KDGLQJ

+RZ�LW�ORRNV

VisibilityVisibility

:KDW�GR�,�VHH"

3DLQW�E\�QXPEHUV

ShadingShading

)LOO�LQ�WKH�QXPEHUV

'RQ¶W�VWLFN�WR�IODW�FRORUV
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Visibility: Paint-by-numbersVisibility: Paint-by-numbers

1

2
3

4
5

6

78

Shading: Object colorsShading: Object colors Local & Global ShadingLocal & Global Shading

8VH�HQYLURQPHQW��RU�IDNH�LW"

/RFDO�VKDGLQJ

)DNH�LW��IDVW�DQG�GLUW\

'RQ¶W�ZRUU\��EH�KDSS\

*OREDO�VKDGLQJ

'R�LW�VORZ�DQG�FRUUHFW

:RUU\��EH�KDSS\

Why do it globally?Why do it globally?

6KDGRZV

5HIOHFWLRQV

5HIUDFWLRQ��WUDQVSDUHQF\�

(PLVVLRQV��OLJKW�VRXUFHV�

6XEWOH�WRXFKHV

Why do it locally?Why do it locally?

2IWHQ�FORVH�HQRXJK

)DVW�

+DUGZDUH�VXSSRUW

0DQ\�HIIHFWV�FDQ�EH�IDNHG

8QOLPLWHG�VFHQH�VL]H
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Ray TracingRay Tracing

Ray Tracing 1Ray Tracing 1

)ROORZ�OLQHV�RI�VLJKW

Ray Tracing 2Ray Tracing 2

6KRRW�QHZ�UD\V�WR�ILQG
LOOXPLQDWLRQ
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Ray TracingRay Tracing
Without WordsWithout Words
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RadiosityRadiosity

Radiosity 1Radiosity 1

'LVFUHWL]H�WKH�HQYLURQPHQW
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Radiosity 2Radiosity 2

%RXQFH�HQHUJ\�EDFN�DQG�IRUWK

Radiosity 3Radiosity 3

9LHZ�UHVXOWV
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RadiosityRadiosity
Without WordsWithout Words
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ComparingComparing
Ray Tracing andRay Tracing and
RadiosityRadiosity
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Hardware supportHardware support

=�EXIIHUV

,QLIQLWH���RI�REMHFWV

/RFDO�VKDGLQJ

)DVW

0DQ\�WULFNV�DYDLODEOH

Rendering at extremesRendering at extremes

$WRPV

RU�VXE�DWRPLF�SDUWLFOHV

*DOD[LHV

RU�WKH�0LON\�:D\

5HODWLYLW\

2FHDQ�GHSWKV

,QVLGH�SHRSOH

Image-Based RenderingImage-Based Rendering
(IBR)(IBR)

Image-Based RenderingImage-Based Rendering

6RPH�SKRWRV

6RPH�JHRPHWU\
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Sue VisionSue Vision Bob GraphicsBob Graphics

Computer GraphicsComputer Graphics

Image

Output

ModelSynthetic
Camera

Real Scene

Computer VisionComputer Vision

Real Cameras

Model

Output

CG Meets CVCG Meets CV
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CombinedCombined

Model Real Scene

Real Cameras

Image

Output

Synthetic
Camera

But, vision technology fallsBut, vision technology falls
shortshort

Model
Real Scene

Real Cameras

Image

Output

Synthetic
Camera

… and so does graphics.… and so does graphics.

Model
Real Scene

Real Cameras

Image

Output

Synthetic
Camera

Image Based RenderingImage Based Rendering

Real Scene

Real Cameras
-or-

Expensive Image Synthesis

Images+Model

Image

Output

Synthetic
Camera

FluorescenceFluorescence
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Solar HalosSolar Halos
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Halo MovieHalo Movie
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Odd Output MediaOdd Output Media
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InterferenceInterference
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RelativityRelativity
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PolarizationPolarization

PhosphorescencePhosphorescence
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CausticsCaustics

)RFXVHG�OLJKW

Volumetric EffectsVolumetric Effects
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Non-Euclidean SpaceNon-Euclidean Space

AnimationAnimation

)LOP�����IUDPHV�VHFRQG

���PLQXWHV� ��������IUDPHV

0RUH�IRU�79�

0RWLRQ�EOXU
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ExposureExposure

&DPHUDV

/HQVHV

)LOPV

,QWHQGHG�YLHZLQJ�FRQGLWLRQV

Color 1Color 1

7KH�5*%�0\WK

7KH�+69�0\WK

7KH���ELW�0\WK

7KH�&RQVWDQF\�0\WK

7KH�)LIWK�0\WK�ZLWK�SLWK
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Color 2Color 2

'HYLFHV�YDU\

3ULQWHUV�YV��PRQLWRUV

3HUFHSWLRQ�PDWWHUV

0HWDPHUV

'LHW��UHFHQW�FRQGLWLRQV

,QWHUSRODWLRQ�LV�WULFN\

5*%�LV�QRW�SHUFHSWXDOO\�XQLIRUP

Non-Realistic RenderingNon-Realistic Rendering

Real MaterialsReal Materials

$EVRUSWLRQ�VSHFWUD

/D\HUV�RU�FRDWLQJV

3KRVSKRUV��IOXRUHVFHQWV

0HWDOV
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5HIOHFWLYLW\�RI�3DSHU

Images 1Images 1

)UDPH�EXIIHUV

3L[HOV

��ELWV�FRORU

6DPSOHV

��VDPSOH�SL[HO

6XSHUVDPSOLQJ

Images 2Images 2

6WRUDJH

&RPSRQHQWV
,QWHJHU��)ORDWLQJ�SRLQW

6\PEROLF

&RPSUHVVLRQ

/RVV\��03(*��-3(*�

1RQ�ORVV\��*,)�

6SHHG�YV��VSDFH
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CompositingCompositing

/D\HULQJ�RI�LPDJHV

%DFNJURXQGV��IRUHJURXQGV

5HDO�3URMHFWLRQ

0DWWHV

0DWWH�OLQHV

0DWWH�RSHUDWRUV

$OSKD�EXIIHUV
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The future 1The future 1

3KRWRUHDOLVP�JURZV

0RUH�DFFXUDF\

0RUH�VSHHG

3DUDOOHO�DOJRULWKPV

6XEMHFWLYH�5HQGHULQJ�JURZV

1HZ�RSSRUWXQLWLHV

0RUH�SHUVRQDO
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The future 2The future 2

'HVNWRS�DQLPDWLRQ

6RSKLVWLFDWHG�VXSSRUW

6WDQGDUGV�DQG�DUFKLWHFWXUHV

5HQGHULQJ�RQH�SLHFH�DPRQJ�PDQ\

³<RX�GLG�ZKDW��*UDQGSD"´

Where The Fun IsWhere The Fun Is

1RQ�5HDOLVWLF�UHQGHULQJ

6KDGHUV

7KH�IX]]\�VSDFH

Image CreditsImage Credits
'LVFRQWLQXLW\�0HVKLQJ��'DQL�/LVFKLQVNL��)LOLSSR�7DPSLHUL��'RQDOG�3��*UHHQEHUJ
2SHUD�/LJKWLQJ��-XOLH�2
%��'RUVH\��)UDQFRLV�;��6LOOLRQ��'RQDOG�3��*UHHQEHUJ
5DGLRVLW\�)DFWRU\�DQG�0XVHXP��0LFKDHO�)��&RKHQ��6KHQFKDQJ�(ULF�&KHQ��-RKQ�5�

:DOODFH��'RQDOG�3��*UHHQEHUJ
7ZR�3DVV�5HQGHULQJ��-RKQ�5��:DOODFH��0LFKDHO�)��&RKHQ�'RQDOG�3��*UHHQEHUJ
��WHDSRWV��&DXVWLF�3RRO��(ULF�9HDFK
6XPPHU�/DNH��0DWW�3KDUU��&UDLJ�.ROE��5HLG�*HUVKEHLQ��3DW�+DQUDKDQ
&RORU�+HDG��3KLOLSSH�/DFURXWH��0DUF�/HYR\
0DWHULDO�9DVHV��5RE�&RRN��.HQQHWK�7RUUDQFH
������7RP�3RUWHU��5RE�&RRN��/RUHQ�&DUSHQWHU
7KH�&RPSOHDW�$QJOHU��7XUQHU�:KLWWHG
6WLOO�/LIH��&DVVLG\�&XUWLV
)RFXVHG�&DXVWLFV��3DXO�+HFNEHUW
79�5RRP��%RE�=HOH]QLN��$QG\�)RUVEHUJ��/RULQJ�+ROGHQ
%LJ�&ORXG��'DYLG�(EHUW
,QWHULRU��0LFKDHO�)RZOHU
6SKHUHIODNH��&RXQWHU��&DPVKDIW��/LEHUW\�6HW��5RQFKDPSV��(ULF�+DLQHV

ThanksThanks

0LFKDHO�)��&RKHQ

3HWHU�3LNH�6ORDQ

-RQDWKDQ�6KDGH
3DXO�'HEHYHF

0DUF�/HYR\
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Mike Bailey

San Diego Supercomputer Center
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The Generic Graphics ProcessThe Generic Graphics Process

3D
Geometric

Models

3D
Animation
Definition

Rendering

Texture
Information

Image
Storage and

Display

Lighting
Information



2

The Generic Computer Graphics SystemThe Generic Computer Graphics System

Video
Driver

CPU

Input
Devices

Framebuffer

Rasterizer

Pipeline
Processor

Cursor

Video
Input

B
u
s

Network Display
List

Texture Memory

Hardcopy
Devices
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The HumanThe Human

•• AcuityAcuity:: 1 arc-minute for those with 20/20 vision 1 arc-minute for those with 20/20 vision

•• Required Required refresh raterefresh rate: 40-80 refreshes/second: 40-80 refreshes/second

•• Required Required update rateupdate rate: 15+ frames/second: 15+ frames/second

••  Red, Green, Blue receptors in the eye Red, Green, Blue receptors in the eye

•• How many colors are we able to detect?How many colors are we able to detect?
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The Computer Graphics MonitorThe Computer Graphics Monitor

Video
Driver

Displaying Color on aDisplaying Color on a
Computer Graphics MonitorComputer Graphics Monitor

•• 3 color guns3 color guns

•• Red-green-blue phosphorsRed-green-blue phosphors

•• Gun voltage Gun voltage ≈≈ color brightness color brightness
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Additive Color (RGB)

Display ResolutionDisplay Resolution

•• PixelPixel resolutions (640x480 - 1600x1024 are common) resolutions (640x480 - 1600x1024 are common)

•• Screen size (13", 16", 19", 21" are common)Screen size (13", 16", 19", 21" are common)

•• Human acuity: 1 arc-minute is achieved by viewing Human acuity: 1 arc-minute is achieved by viewing 
a 19" monitor with 1280x1024 resolution from a a 19" monitor with 1280x1024 resolution from a 
distance of ~40 inchesdistance of ~40 inches

•• FYI: HDTV is talking about resolutions in the FYI: HDTV is talking about resolutions in the 
2048x1152 range2048x1152 range
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The Video DriverThe Video Driver

Framebuffer

Video
Driver

Cursor

Video
Input

The Video DriverThe Video Driver

•• N N refreshesrefreshes/second (N is usually between 40 and 80)/second (N is usually between 40 and 80)

•• FramebufferFramebuffer contains the R,G,B that defines contains the R,G,B that defines
the color at each pixelthe color at each pixel

•• CursorCursor
- Appearance is stored near the video driver- Appearance is stored near the video driver

in a “mini-in a “mini-framebufferframebuffer””
- x,y is given by the CPU- x,y is given by the CPU

•• Video inputVideo input



8

TheThe Framebuffer Framebuffer

Framebuffer

Video
Driver

Rasterizer

TheThe Framebuffer Framebuffer

•• Direct colorDirect color

4         24 =  16
6        26 =   64
8          28 = 256

# Bits/color # Shades per color
RR

BB

GG

Total colors:

12          212 = 4K
18          218 =  256K
24          224 = 16.7M

# Bits/pixel
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TheThe Framebuffer Framebuffer

•• Indirect colorIndirect color  withwith  color lookup tablecolor lookup table

0
1
2

3
4

5
6
7

N
4 24 =    16
6 26 =    64
8 28 =   256

12 212 =  4096

# Bits # Table Entries

index

8 bits 8 bits 8 bits

TheThe Framebuffer Framebuffer
•• AlphaAlpha  valuesvalues

–– Transparency per pixelTransparency per pixel
α α = 0. is invisible= 0. is invisible
α α = 1. is opaque= 1. is opaque

–– Typically represented inTypically represented in
8 bits8 bits

–– Alpha blending Alpha blending eqneqn::

Color = α 1C + (1 − α ) 2C
0.0 ≤ α  ≤ 1.0
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TheThe Framebuffer Framebuffer

RR

BB

GG

Total Z Values:

16          216 = 65K
24          224 = 17M
32          232 =  4B

# Bits / Z

•• Z-bufferZ-buffer

–– Used for hidden surface removalUsed for hidden surface removal

–– Holds pixel depthHolds pixel depth

–– Typically 16, 24, or 32Typically 16, 24, or 32
bits deepbits deep

ZZ

Z-Buffer Steps

1. Compare the incoming Z value with
the Z value already in that pixel

2. If the incoming Z value is closer to
the viewer than what is already there,
open the gates

3. Write the new pixel color and Z
value
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Z-Buffer OperationZ-Buffer Operation

Compare

Allow

AllowZ

Color

Incoming
Existing

Z

Color

1
1

2

3

2

3

On a pixel-by-pixel basis:

The Framebuffer

Double-bufferingDouble-buffering: Don’t let the viewer see : Don’t let the viewer see anyany of the  of the 
scene until the entire scene is drawnscene until the entire scene is drawn

Update

Refresh

Update

Refresh

Video
Driver

Rasterizer

Video
Driver

Rasterizer
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TheThe Rasterizer Rasterizer

Framebuffer

Rasterizer

Pipeline
Processor

Texture Memory

RasterizationRasterization

•• Turn screen space vertex coordinates into pixels that Turn screen space vertex coordinates into pixels that 
make up lines and polygonsmake up lines and polygons

•• A great place for custom electronicsA great place for custom electronics
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RasterizersRasterizers Interpolate: Interpolate:

•• X and YX and Y

•• Red-green-blue valuesRed-green-blue values

••  Color index values Color index values

•• Alpha valuesAlpha values

••  Z values Z values

•• IntensitiesIntensities

•• Surface normalsSurface normals

•• Texture map coordinatesTexture map coordinates

Anti-Aliasing
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Texture MappingTexture Mapping

•• “Stretch” an image onto a piece of geometry“Stretch” an image onto a piece of geometry

•• Image can be generated by a program or scanned inImage can be generated by a program or scanned in

•• Very useful for realistic scene generationVery useful for realistic scene generation

Rasterizers Rasterizers Need To Be FastNeed To Be Fast
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Pipeline ProcessorPipeline Processor

•• Coordinates enter in world (application) coordinate Coordinates enter in world (application) coordinate 
spacespace

•• Coordinates leave in screen (pixel) coordinate spaceCoordinates leave in screen (pixel) coordinate space

•• Another great place for custom electronicsAnother great place for custom electronics

The Pipeline ProcessorThe Pipeline Processor

CPU

Rasterizer

Pipeline
Processor

Display
List

B
u
s
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Pipeline Processor: TransformationsPipeline Processor: Transformations

•• Used to correctly place objects in the sceneUsed to correctly place objects in the scene

•• TranslationTranslation

•• RotationRotation

•• ScalingScaling

Pipeline Processor:Pipeline Processor:
Windowing and ClippingWindowing and Clipping

•• Declare which portion of the 3D universe you are Declare which portion of the 3D universe you are 
interested in viewinginterested in viewing

•• This is called the This is called the view volumeview volume

•• Clip away everything that is outside the viewing Clip away everything that is outside the viewing 
volumevolume
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Pipeline Processor: ProjectionPipeline Processor: Projection

•• Turn 3D coordinates into 2DTurn 3D coordinates into 2D

–– Parallel projectionParallel projection

–– Perspective projectionPerspective projection

Parallel lines
remain parallel

Some parallel lines
appear to converge

Pipeline Processor: ProjectionPipeline Processor: Projection

Orthographic

Perspective

Parallel

Perspective
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The CPUThe CPU

Network

Input
Devices

B
u
s

Hardcopy
Devices

To cursor chip

To graphics pipeline

CPU

Display
List

B
u
s

Display ListDisplay List

•• A list of graphics instructions created ahead of time A list of graphics instructions created ahead of time 
and then “played back” when neededand then “played back” when needed

•• May or may not be editable once it is createdMay or may not be editable once it is created

•• Modern structure of display lists is in the form of a Modern structure of display lists is in the form of a 
scene graphscene graph
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The Limitations of using NTSC Video

•• Cannot display saturated colors wellCannot display saturated colors well

•• Expect an effective resolution of (at best)Expect an effective resolution of (at best)

 ~640x480 ~640x480

•• Do not use single-pixel thick linesDo not use single-pixel thick lines

•• Stay away from the edges of the screenStay away from the edges of the screen

•• Some colors have better video resolution than othersSome colors have better video resolution than others

NTSC Cycles of Encoding per Scanline

Intensity

Orange-Blue

Purple-Green

What: Cycles/Scanline:

267

96

35
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All Together, Now!All Together, Now!

Video
Driver

CPU

Input
Devices

Framebuffer

Rasterizer

Pipeline
Processor

Cursor

Video
Input

B
u
s

Network Display
List

Texture Memory

Hardcopy
Devices

Graphics PerformanceGraphics Performance
•• Because the process has so many steps, it can Because the process has so many steps, it can 

bottleneck anywhere, depending on the nature of bottleneck anywhere, depending on the nature of 
the graphics applicationthe graphics application

•• To evaluate graphics performance, we need a To evaluate graphics performance, we need a 
universally-accepted methodologyuniversally-accepted methodology

•• Check out theCheck out the
Graphics Performance Characterization groupGraphics Performance Characterization group::

http://www.specbench.org/gpc
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Don’t Get Spooked By a Geometric Mean!Don’t Get Spooked By a Geometric Mean!

Scores = 1, 2, 3, 10

Arithmetic mean = 4.0

Geometric mean = 2.8

Scores = 1, 2, 3

Arithmetic mean = 2.0

Geometric mean = 1.8

GM = S1 • S2 • S3 • . . . • Sn

n

Computer Graphics Hardware

Mike BaileyMike Bailey

mjb@mjb@sdscsdsc..eduedu

Have Fun, and Thanks
for Coming!
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Introduction to Animation / Siggraph ‘01

An Introduction toAn Introduction to
Computer AnimationComputer Animation
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Introduction to Animation / Siggraph ‘01

Why Animation WorksWhy Animation Works
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Animation is Expensive!Animation is Expensive!
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Thinking About AnimationThinking About Animation

&���	���	)�*�������
	���
���
����	���	)�+�,�������-�������
.��$�	���	)�+����
�������
��
'��������$�	���
		���	���	�



4

Introduction to Animation / Siggraph ‘01

Traditional 2D AnimationTraditional 2D Animation
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Traditional 3D AnimationTraditional 3D Animation
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Computer-AssistedComputer-Assisted
AnimationAnimation
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2D Computer Animation2D Computer Animation
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2D Morphing2D Morphing
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3D Computer Animation3D Computer Animation
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3D Computer Animation3D Computer Animation
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Object AnimationObject Animation
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Camera AnimationCamera Animation
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Object InterpolationObject Interpolation
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3D Animation Methods 13D Animation Methods 1
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Parametric InterpolationParametric Interpolation
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KinematicsKinematics
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%RXQFH

%DOO�YHUWLFDO�SRVLWLRQ
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6TXDVK

%DOO�VTXDVK�SHUFHQWDJH
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3DWK

%DOO�WUDFN�SRVLWLRQ
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%DOO�WUDFN�SHUFHQW

3DWK
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Inverse KinematicsInverse Kinematics
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ConstraintsConstraints
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DynamicsDynamics
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MOCAP processingMOCAP processing
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Particle SystemsParticle Systems
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ScriptingScripting
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Artificial IntelligenceArtificial Intelligence
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Combined MethodsCombined Methods
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Slide CreditsSlide Credits
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A Gallery of Display Options
Points Lines Flat Shaded

Smooth
Shaded Transparent
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Computer Graphics

Geometry

Display

“Rendering”
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Scientific Visualization

Geometry

Display

Data
“Geometrizing”

“Rendering”

Information
& Insight
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Visualization Dimensions

Spatial Dimension: How many numbers required to locate
a data point in space

Data Dimension:How many data numbers are at each data
point (also called rank)

1D = scalar
2D or 3D = vector
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Visualization Dimensions

2D data values 2D flow

3D data values 3D flow

Data Dimension

Spatial
Dimension

2D

3D

VectorScalar
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1D Data Dimension
2D Spatial Dimension

Examples:
• Temperatures on a plane

• Barometric pressures on a map

• Heights on a map

Techniques:
• Colored dots

• Contour lines

• Interpolated Colors
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2D Color Interpolation
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2D Contours
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Same Data,
Different Geometrization
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1D Data Dimension
3D Spatial Dimension

Examples:

• Temperatures in a room

• Molecular potentials

Techniques:

• Colored dots (“point cloud”)

• Cutting plane

• Isosurfaces
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3D Orthographic Point Cloud
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3D Perspective Point Cloud
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3D Jittered Point Cloud
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Cropping the Point Cloud:
Range Sliders
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Cropping
in X, Y, Z
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Cropping in S
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What’s
Happening on

a Cutting
Plane?
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What’s Happening within the Volume?
3D Wireframe Isosurface
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3D Polygonal Isosurface
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Isosurface + Contour Plane

SAN DIEGO SUPERCOMPUTER CENTER

University of California, San Diego

Isosurfaces of Medical Data
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3D Data Dimension
3D Spatial Dimension

Examples:

• 3D flow field

Techniques:

• Arrows (“vector cloud”)

• Streamlines
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3D Flow Field
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Setting Colors

glColor3f( r, g, b );

Red+Green=Yellow
Green+Blue=Cyan

Red+Blue=Magenta
Red+Green+Blue=White

Known as “Additive Color”,
or “RGB”
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Color Rules: Your Eye

Rods:Rods: Provide perception of light intensity, or
luminance.  Lots of these, mostly concentrated
in the periphery of your field of vision.

Cones:Cones: Provide perception of colors.  Much
fewer of these, mostly concentrated in the
center of your field of vision.
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Color Rules

• Remember the Luminance Equation:

        L = .30R  +  .59G  +  .11B

Use it to decide what makes a good contrast
and what doesn’t
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Color Rules

• Do not use Reds and Blues directly together
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Reds and Blues are on
opposite ends of the
color spectrum.  It is
hard for your eyes to
focus on both.
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Color Rules

• The best colors for fine detail are black-
grey-white.  This is especially true if you
are going to be videotaping this display.
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Color Rules

• Surround contrasting color areas with a
white or black line
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Color Rules

Be aware that our perception of color
changes with:

• The surrounding color

• The size of the object

• How close two objects are

• The ambient light

• The age of the viewer
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Color Rules

Watch out for afterimage effects !

+
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Color Rules

Watch out for afterimage effects !

+
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Beware of Mach Banding
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Beware of Mach Banding

Actual
Intens ity

Perceived
Intens ity
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Beware of Mach Banding
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Cool Tricks: Stereopairs

Left Right
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Cool tricks: ChromaDepth

See: http://www.sdsc.edu/~mjb/chromadepth
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Visualization Hardcopy

• Film recording

• Color printing

• Videotaping

• Manufacturing
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NTSC Videotaping for
Visualization Hardcopy

• Resolution is 640x480, at best

• Interlaced

• Color bandwidth is given to, in order:
1. Luminance 267 cycles/scanline
2. Blue-Orange   96 cycles/scanline
3. Purple-Green   35 cycles/scanline

• Saturated (bright) colors don’t come out well
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Manufacturing for
Visualization Hardcopy
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The STL File Format
solid
  facet normal -0.62 -0.77 -0.12
    outer loop
      vertex 2.309218 0.639900 0.000000
      vertex 2.346300 0.609991 0.000000
      vertex 2.322692 0.621243 0.049971
    endloop
  endfacet
  facet normal -0.64 -0.76 -0.11
    outer loop
      vertex 2.292096 0.639900 0.100000
      vertex 2.309218 0.639900 0.000000
      vertex 2.322692 0.621243 0.049971
    endloop
  endfacet

. . .

  facet normal  0.00  0.00  1.00
    outer loop
      vertex 2.568488 5.119200 4.500000
      vertex 2.346300 5.119200 4.500000
      vertex 2.559600 5.118925 4.500000
    endloop
  endfacet
endsolid

See: http://cvp.sdsc.edu
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Summary

Scientific Visualization has “no rules”.

 Anything that turns data in the computer
into information and insight in your brain
is fair game.
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Logical Input Device TypesLogical Input Device Types

•• ChoiceChoice

•• KeyboardKeyboard

•• ValuatorsValuators

•• LocatorsLocators
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ChoiceChoice

•• Return a choice that has been madeReturn a choice that has been made

•• Examples: function keypad, button box, Examples: function keypad, button box, 
foot switchfoot switch

•• Often provide sensorial feedback: lights, Often provide sensorial feedback: lights, 
clicks, feel, . . .clicks, feel, . . .
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Button BoxButton Box
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KeyboardKeyboard

•• Returns keys with specific meaningsReturns keys with specific meanings

•• Letters, numbers, etc.Letters, numbers, etc.
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ValuatorsValuators

•• Return a value for somethingReturn a value for something

•• Example: knobsExample: knobs

•• Can usually specify gain, minimum, and Can usually specify gain, minimum, and 
maximummaximum

•• All locators can also double as valuatorsAll locators can also double as valuators
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Dial BoxDial Box
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LocatorsLocators

•• Return the location of the screen cursorReturn the location of the screen cursor

•• Examples: mouse, tablet, trackball,Examples: mouse, tablet, trackball,  
touchscreentouchscreen

•• Display-to-Input ratioDisplay-to-Input ratio
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Locator Display-to-Input RatioLocator Display-to-Input Ratio

DTI Ratio:DTI Ratio:  the amount of cursor movement on the amount of cursor movement on 
the screen divided by the amount of hand the screen divided by the amount of hand 
movementmovement  

Large: good for speedLarge: good for speed

Small: Good for accuracySmall: Good for accuracy

“Sometimes called“Sometimes called  GainGain””
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Ways to Read an Input DeviceWays to Read an Input Device

•• Sampling: What is its input Sampling: What is its input right nowright now ? ?

•• Event-based: Wait until the user does Event-based: Wait until the user does 
somethingsomething
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3D Input devices3D Input devices

•• Read a 3D positionRead a 3D position

•• Returns 3 numbers to the program: an Returns 3 numbers to the program: an 
(x,y,z) triple(x,y,z) triple

•• Some also return 3 more numbers to the Some also return 3 more numbers to the 
program: three rotation anglesprogram: three rotation angles

•• Examples: digitizer,Examples: digitizer, spaceball spaceball, glove, glove
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3D Input Devices3D Input Devices
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3D Input Devices3D Input Devices
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Force Feedback in 3DForce Feedback in 3D
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Force Feedback in 3DForce Feedback in 3D
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Force Feedback in 2DForce Feedback in 2D



SAN DIEGO SUPERCOMPUTER CENTER

University of California, San Diego

Input Devices for
Computer Graphics

Mike Bailey

University of California San Diego
San Diego Supercomputer Center

mjb@sdsc.edu



SAN DIEGO SUPERCOMPUTER CENTER

University of California, San Diego

Computer Graphics on the
World Wide Web

Mike Bailey

University of California San Diego
San Diego Supercomputer Center

mjb@sdsc.edu

SAN DIEGO SUPERCOMPUTER CENTER

University of California, San Diego

Image Files

•• GIFGIF

•• JPEGJPEG

•• PNGPNG
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GIF Image Files

•• Graphics Interchange FormatGraphics Interchange Format

•• Up to 8 bits with CLTUp to 8 bits with CLT

•• Can be interleavedCan be interleaved

•• Can have a transparent backgroundCan have a transparent background

•• Can be compressedCan be compressed

•• Can have multiple frames, anCan have multiple frames, an interframe interframe delay  delay 
time, and a repeat counttime, and a repeat count
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JPEG Image Files

•• Joint Photographic Experts GroupJoint Photographic Experts Group

•• Image can be 24-bit colorImage can be 24-bit color

•• Can be arbitrarily compressedCan be arbitrarily compressed
••http://www.jpeg.orghttp://www.jpeg.org

•• The following example shows a 1080x852 The following example shows a 1080x852 
24-bit image (uncompressed = 2,760,480 24-bit image (uncompressed = 2,760,480 
bytes)bytes)
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JPEG Compression174,628 Bytes

16,167 Bytes
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JPEG Compression174,628 Bytes

5,311 Bytes
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PNG

•• Portable Network GraphicsPortable Network Graphics

•• Designed to replace GIFDesigned to replace GIF

–– variable transparencyvariable transparency

–– 2D interleaving2D interleaving

–– better compressionbetter compression
••http://www.http://www.cdromcdrom.com/pub/.com/pub/pngpng
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Animation Files

•• Animated GIFAnimated GIF

•• MPEGMPEG

•• QuicktimeQuicktime
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Animated GIF
•• GIF files can have multiple frames, anGIF files can have multiple frames, an  
interframeinterframe delay time, and a repeat count delay time, and a repeat count

•• One freeware package isOne freeware package is WhirlGif WhirlGif::  
www.www.danbbsdanbbs..dkdk/~/~dinodino//whirlgifwhirlgif
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MPEG

•• Moving Picture Experts GroupMoving Picture Experts Group

•• Codes video and audioCodes video and audio

•• Highly compressedHighly compressed
••www.mpeg.orgwww.mpeg.org



SAN DIEGO SUPERCOMPUTER CENTER

University of California, San Diego

Quicktime

•• Product of Apple ComputerProduct of Apple Computer

•• Codes video and audioCodes video and audio

•• Highly compressedHighly compressed
••www.apple.com/www.apple.com/quicktimequicktime
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VRML

•• Virtual Reality Modeling LanguageVirtual Reality Modeling Language

•• 3D scene coded as an ASCII file3D scene coded as an ASCII file

•• Scene content (Scene content (ieie, geometry) defined in , geometry) defined in 
nodesnodes

•• Node attributes given as fields and values Node attributes given as fields and values 
((egeg, size, appearance, lighting properties), size, appearance, lighting properties)
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VRML Example

Cylinder
{

radius   2.0
height   4.0

}

Cylinder
{}
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VRML Example
#VRML 2.0 utf8
Shape
{
  appearance
    Appearance
    {
      material
        Material { }
    }
  geometry
    Cylinder
    {
      radius  2.0
      height  4.0
    }
}
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VRML on UNIXExamine Mode

Fly/Walk Mode
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VRML on Windows



SAN DIEGO SUPERCOMPUTER CENTER

University of California, San Diego

For More VRML Information, See:

http://www.web3d.org
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Java 3D

•• 3D Graphics API for Java3D Graphics API for Java

•• Primary mode is a 3D scene-graph display Primary mode is a 3D scene-graph display 
listlist

•• Display list is highly optimizedDisplay list is highly optimized

•• View model is separate from the scene View model is separate from the scene 
modelmodel
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Java 3D Scene Graph
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Java 3D Examples
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For More Java 3D Information, See:

http://www.sun.com/desktop/java3d

htp://java.sun.com/products/java-media/3D

htp://www.web3d.org
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Other 3D Web-based Standards

Viewpoint
Data Labs
plug-in

www.viewpoint.com
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Other 3D Web-based Standards

Macromedia
Shockwave 3D
plug-in

www.macromedia.com
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Warning !

These notes are skimpy nowThese notes are skimpy now
because they were due for printingbecause they were due for printing

on April 27.on April 27.

However, they will be much fullerHowever, they will be much fuller
for the conference presentation...for the conference presentation...
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Papers

•• Deep technical informationDeep technical information

••  Also printed in the proceedings and Also printed in the proceedings and
on a CD-ROMon a CD-ROM
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Panels

••  Less formal than Papers Less formal than Papers

••  Not archived anywhere Not archived anywhere

••  Often controversial Often controversial

••  Sometimes confrontational Sometimes confrontational
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Courses

••  Some are “standard knowledge” Some are “standard knowledge”
((egeg, this one…), this one…)

••  Some are cutting edge Some are cutting edge

••  You all got the full set of notes on You all got the full set of notes on
a CD-ROMa CD-ROM

••  All notes are also available for All notes are also available for
purchase in paper formpurchase in paper form
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Courses Strategy

••  Choose courses that are useful Choose courses that are useful

••  Choose courses that are meaningful Choose courses that are meaningful

••  Choose courses for which there will Choose courses for which there will
be great visual presentations whichbe great visual presentations which
cannot be replicated in the notescannot be replicated in the notes

••  Hop around between courses to catch Hop around between courses to catch
the best topics and speakersthe best topics and speakers
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Exhibition

••  ~200 vendors ~200 vendors

••  Many vendors time their hottest Many vendors time their hottest
product releases for this week!product releases for this week!
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Exhibition Strategy

••  Look at the list of vendors in Look at the list of vendors in
the Final Programthe Final Program

••  Make a list of the ones you  Make a list of the ones you reallyreally
must seemust see

••  Sort the list by booth number Sort the list by booth number

••  Start at one end of the floor and Start at one end of the floor and
work your way acrosswork your way across
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Exhibition Warning

 The Exhibition closes on The Exhibition closes on
Thursday afternoon !!!Thursday afternoon !!!
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Electronic Theatre

••  Computer  Computer Graphics’s Graphics’s greatestgreatest
animation hits for the past yearanimation hits for the past year

••  It is considered  It is considered coolcool to see it early to see it early
in the weekin the week

••  Watch for whose piece goes last Watch for whose piece goes last
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Academic Press, 1992.

1.3 Scientific Visualization

Chandrajit Bajaj, Data Visualization Techniques, John Wiley & Sons, 1999.

Min Chen, Arie Kaufman, and Roni Yagel, Volume Graphics, Springer-Verlag, 2000.

Will Schroeder, Ken Martin, and Bill Lorensen, The Visualization Toolkit, Prentice-Hall,
1998.

Greg Nielson, Hans Hagen, and Heinrich Müller, Scientific Visualization: Overviews,
Methodologies, Techniques, IEEE Computer Society Press, 1997.

Lenny Lipton, The CrystalEyes Handbook, StereoGraphics Corporation, 1991.

Brand Fortner, The Data Handbook: A Guide to Understanding the Organization and
Visualization of Technical Data, Spyglass, 1992.
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William Kaufmann and Larry Smarr, Supercomputing and the Transformation of Science,
Scientific American Library, 1993.

Robert Wolff and Larry Yaeger, Visualization of Natural Phenomena, Springer-Verlag,
1993.

David McAllister, Stereo Computer Graphics and Other True 3D Technologies,
Princeton University Press, 1993.

Peter Keller and Mary Keller, Visual Cues: Practical Data Visualization, IEEE Press,
1993.

1.4 Color and Perception

Roy Hall, Illumination and Color in Computer Generated Imagery, Springer-Verlag,
1989.

David Travis, Effective Color Displays, Academic Press, 1991.

L.G. Thorell and W.J. Smith, Using Computer Color Effectively, Prentice Hall, 1990.

Edward Tufte, The Visual Display of Quantitative Information, Graphics Press, 1983.

Edward Tufte, Envisioning Information, Graphics Press, 1990.

Edward Tufte, Visual Explanations, Graphics Press, 1997.

Howard Resnikoff, The Illusion of Reality, Springer-Verlag, 1989.

1.5 Rendering

Andrew Glassner, Principles of Digital Image Synthesis, Morgan Kaufmann, 1995.

Andrew Glassner, An Introduction to Ray Tracing, Academic Press, 1989.

Rosalee Wolfe, 3D Graphics: A Visual Approach, Oxford Press.

Steve Upstill, The RenderMan Companion, Addison-Wesley, 1990.

Tony Apodaca and Larry Gritz, Advanced RenderMan: Creating CGI for Motion
Pictures, Morgan Kaufmann, 1999.

Ken Joy et al, Image Synthesis, IEEE Computer Society Press, 1988.

1.6 Images

David Ebert et al, Texturing and Modeling, Academic Press, 1998.
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Ron Brinkman, The Art and Science of Digital Compositing, Morgan Kaufmann, 1999.

John Miano, Compressed Image File Formats, Addison-Wesley, 1999.

1.7 Animation

Alan Watt and Mark Watt, Advanced Animation and Rendering Techniques, Addison-
Wesley, 1998.

Nadia Magnenat Thalmann and Daniel Thalmann, Interactive Computer Animation,
Prentice-Hall, 1996.

Philip Hayward and Tana Wollen, Future Visions: New Technologies of the Screen,
Indiana University Press, 1993.

1.8  Virtual Reality

John Vince, Virtual Reality Systems, Addison-Wesley, 1995.

1.9  The Web

Andrea Ames, David Nadeau, John Moreland, The VRML 2.0 Sourcebook, John Wiley &
Sons, 1997.

Bruce Eckel, Thinking in Java, Prentice-Hall, 1998.

David Flanagan, Java in a Nutshell, O’Reilly & Associates, 1996.

David Flanagan, Java Examples in a Nutshell, O’Reilly & Associates, 1997.

Henry Sowizral, Kevin Rushforth, and Michael Deering, The Java 3D API Specification,
Addison-Wesley, 1998.

1.10 Miscellaneous

OpenGL 1.2  Reference Manual, Addison-Wesley, 2000.

OpenGL 1.2  Programming  Guide, Addison-Wesley, 2000.

Andrew Glassner, Recreational Computer Graphics, Morgan Kaufmann, 1999.

Anne Spalter, The Computer in the Visual Arts, Addison-Wesley, 1999.

Jef Raskin, The Humane Interface, Addison-Wesley, 2000.

Ben Shneiderman, Designing the User Interface, Addison-Wesley, 1997.
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Clark Dodsworth, Digital Illusion, Addison-Wesley, 1997.

Isaac Victor Kerlow, The Art of 3-D: Computer Animation and Imaging, 2000.

Isaac Victor Kerlow and Judson Rosebush, Computer Graphics for Designers and Artists,
Van Nostrand Reinhold, 1986.

William Press, Saul Teukolsky, William Vetterling, and Brian Flannery, Numerical
Recipes in C, Second Edition, Cambridge University Press, 1997.

2. Periodicals

Computer Graphics and Applications: published by IEEE
(http://www.computer.org, 714-821-8380)

Computer Graphics World: published by Pennwell
(http://www.cgw.com, 603-891-0123)

Journal of Graphics Tools: published by A.K. Peters
(http://www akpeters.com, 617-235-2210)

Computer Graphics Quarterly: published by ACM SIGGRAPH
(http://www.siggraph.org, 212-869-7440)

Computers in Science and Engineering (used to be Computers in Physics): published by
the American Institute of Physics

Transactions on Visualization and Computer Graphics: published by IEEE
(http://www.computer.org, 714-821-8380)

Transactions on Graphics: published by ACM
(http://www.acm.org, 212-869-7440)

Cinefex
(http://www.cinefex.com, 909-781-1917)

3. Professional organizations

ACM ..............Association for Computing Machinery
http://www.acm.org, 212-869-7440

SIGGRAPH....ACM Special Interest Group on Computer Graphics
http://www.siggraph.org, 212-869-7440
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SIGCHI ..........ACM Special Interest Group on Computer-Human Interfaces
http://www.acm.org/sigchi, 212-869-7440

IEEE...............Institute of Electrical and Electronic Engineers
http://www.computer.org, 202-371-0101

NAB ...............National Association of Broadcasters
http://www.nab.org, 800-521-8624

ASME ............American Society of Mechanical Engineers
http://www.asme.org, 800-THE-ASME

4. Conferences

ACM SIGGRAPH:
2002:  San Antonio
July 21-26
http://www.siggraph.org/s2002

2003:  San Diego

IEEE Visualization:
2001:  San Diego, CA
October 21-26
http://vis.computer.org

2002: Boston, MA
2003: Seattle, WA

NAB:
Las Vegas, NV
http://www.nab.org

ACM SIGCHI:
2002: Minneapolis, MN – April 20-25
http://www.acm.org/sigchi

ACM SIGARCH / IEEE Supercomputing:
2001: Denver, CO – November 10-16
http://www.supercomp.org

5. Graphics Performance Characterization

The GPC web site tabulates graphics display speeds for a variety of vendors' workstation
products. To get the information, ping:

http://www.specbench.org/gpc



Glossary of Introductory Computer Graphics
Terms 

This glossary was taken from the Glindex chapter (combined glossary and index) of the introductory
book The Way Computer Graphics Works, by Olin Lathrop, published by John Wiley and Sons, 1997,
ISBN 0-471-13040-0. 

Copyright Notice

This document is copyright 1997 by Olin Lathrop. No part of this document may be re-published,
re-transmitted, saved to disk, or otherwise copied except as part of the necessary and normal
operation of the software used to view this document. 

An on-line version of this glossary is available at http://www.cognivis.com/book/glossary.htm. 

Click on any of the following letters to jump to the section for that letter. 

A B C D E F G H I J K L M N O P Q R S T U V W X Y Z 

2D

Two dimensional. 

2D display controller

A type of display controller that is intended for 2D operations, like windows, popup menus, text,
etc. This kind of display controller can usually not interpolate color values within a primitive, and
therefore lacks support for 3D drawing. 

2 1/2 D display controller

A 2D display controller that is able to perform the 2D operations required to display 3D
primitives. This usually means color interpolation and Z buffering. 

3D

Three dimensional. 

3D display controller

A type of display controller that fully supports 3D operations and primitives. At a minimum, such
a display controller can accept a 3D triangle, apply a 3D transform, perform the apparent color
determination at the vertices, project it onto the 2D bitmap, and draw it with hidden surfaces



suppressed. Today’s 3D display controllers use the Z buffer algorithm for hidden surface
suppression. 

3D texture

A texture map that is a function of three variables. This is also called a "solid texture", because the
texture map is a volume. Solid textures have been used in diffuse color texture mapping to
simulate things like marble and wood grain. Sometimes specifying the color in a volume is simpler
than specifying it on the surface of an object, especially if the object has a complex shape. 

3D transform

The act of converting the coordinates of a point, vector, etc., from one coordinate space to another.
The term can also refer collectively to the numbers used to describe the mapping of one space on
another, which are also called a "3D transformation matrix." 

3D transformation matrix

See "3D transform." 
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adaptive space subdivision

Space subdivision refers to the process of breaking up the scene space into many small regions.
Adaptive means this is only done where and when needed, instead of in a fixed way up front.
Adaptive space subdivision is often used by ray tracers. Octrees and BSP trees are examples of
subdivision algorithms that can be adaptive. 

addition, vector

See "vector addition." 

aliasing

The phenomenon that makes smooth lines and edges appear stair stepped or jagged. Aliasing is
also called the "jaggies". 

aliasing, temporal

See "temporal aliasing." 

alpha buffer

The collective name for the alpha values for every pixel of an image or bitmap. 

alpha buffered rendering



Using an alpha buffer for rendering, as opposed to for image compositing or matting. Alpha
buffered rendering implies the ability to render semi-transparent primitives. 

alpha buffering

The process of rendering or compositing images using an alpha buffer. An alpha buffer supplies an
opacity fraction for every pixel. 

alpha value

The alpha buffer value for a single pixel. An alpha value is a value indicating the pixels opacity.
Zero usually represents totally transparent (invisible) and the maximum value represents
completely opaque. Alpha values are commonly represented in 8 bits, in which case transparent to
opaque ranges from 0 to 255. 

ambient light

A light source that shines equally on everything. This is a hack used to give some illumination to
areas that are not in direct view of any light source. In the real world, such areas are illuminated
indirectly by light bouncing off other objects. Ambient illumination is commonly used except in
radiosity rendering, because radiosity actually computes light bouncing between objects. 

AND operator

A constructive solid geometry (CSG) modeling operation on two objects. The resulting object
exists only where both input objects existed. This operation is also call INTERSECTION. 

animation

Any method that can make an image appear to change over time. In computer graphics, this is
done by showing many still images in rapid succession. This produces the illusion of a moving, or
animated, image. 

animation, inverse dynamics

See "inverse dynamics." 

animation, inverse kinematics

See "inverse kinematics." 

animation, key frame

See "key frame animation." 

animation, parametric

See "parametric animation." 



anti-aliasing

The process of reducing aliasing, or jaggies, in creating an image. 

anti-aliasing filter, box

A box filter used in anti-aliasing averages all the samples of a high resolution image within each
resulting pixel. All the samples are weighted equally over a rectangular region, usually the
resulting anti-aliased pixel. Box filtering provides fair to medium quality results, but is much less
complex than higher quality methods. 

anti-aliasing filter, good quality

A good quality anti-aliasing filter blends values from a high resolution image such that samples
near the resulting pixel center are weighted more than others. Sample weights smoothly approach
zero at a distance of about 1¼ pixels. 

anti-aliasing filter, simple

See "anti-aliasing filter, box." 

apparent color determination

See "color determination." 

apparent surface orientation

The orientation (which direction it’s facing) a surface appears to have in an image. This is
controlled by the shading normal vector, which is not necessarily the same as the normal vector of
the primitive as it’s actually drawn (the geometric normal vector). 

- - - - B - - - -

B spline

A particular type of spline, the mathematical details of which are beyond the scope of this book. 

back end

See "video back end". 

basis vector

A vector that defines one axis of a coordinate system. Three basis vectors, one each for the X, Y
and Z axis are needed to define a 3D coordinate system. A basis vector indicates the length and
direction of a +1 increment in its axis. 



beam current

The current of an electron beam in a cathode ray tube. The current is the number of electrons per
unit time, which is usually measured in milliamperes. A higher beam current produces a brighter
phosphor dot. 

beta spline

A particular type of spline, the mathematical details of which are beyond the scope of this book. 

bi-cubic patch

A particular type of surface patch. Bi-cubic surface patches can have curved edges, as opposed to
polygons, which always have straight edges. The mathematical details of bi-cubic patches are
beyond the scope of this book. 

bi-quadratic patch

A particular type of surface patch. Bi-quadratic surface patches can have curved edges, as opposed
to polygons, which always have straight edges. The mathematical details of bi-quadratic patches
are beyond the scope of this book. 

bi-linear interpolation

Interpolation is the process of determining plausible in-between values, given explicit values at
particular points. Linear means that the values fall along a line from one known point to the next.
This means the value changes a fixed amount for a fixed-sized step. Bi-linear means this process is
carried out in two dimensions. In computer graphics, bi-linear interpolation is often applied to find
color values at the interior pixels of a primitive. The apparent color values are computed explicitly
at the vertices of a polygon and are bi-linearly interpolated in the polygon’s interior. Bi-linear
interpolation of pixel color values is also called Gouraud shading. 

binary space partition

See "BSP tree." 

bitmap

The collective name for all the stored pixels in a display controller. The bitmap is also the interface
between the display controller’s drawing front end and its video back end. The term bitmap is also
used in general to refer to any 2D array of pixels. 

blobbies

A name sometimes applied to potential functions used in modeling objects. 

blue screen



A background often used for photographs or video that are to be matted, or composited, over other
images. A blue background is almost universally used in chroma keying video compositing. 

boolean operator

A mathematical operator that works on true or false values. These are also called logical operators.
In computer graphics, constructive solid geometry (CSG) operators may also be called boolean
operators. Some common CSG operators are AND, OR, NOT, and XOR. 

bounding volume

A volume that encloses multiple 3D primitives. If the bounding volume doesn’t intersect an object
of interest (such as a ray in ray tracing), then the objects within the bounding volume are
guaranteed to also not intersect the object, eliminating the need to check explicitly. 

box filter

See "anti-aliasing filter, box." 

BSP tree

A hierarchical method of subdividing a volume. BSP stands for "binary space partition." In this
method, the volume is originally represented as one whole. If more detail is needed, the volume is
subdivided into two volumes. Each of these are further subdivided into two volumes if more detail
is needed. The process is repeated until the desired level of detail is achieved, or an arbitrary
subdivision limit is reached. 

BSP tree, regular

A special form of BSP tree where all the volume elements are rectangular solids that are always
subdivided exactly in half along one of their three major axes. 

bump mapping

A form of texture mapping where the texture supplies small perturbations of the shading normal
vector. 
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calligraphic

An early type of computer graphics display that could only draw lines, not filled in areas.
Calligraphic displays are rarely used today, and have mostly been replaced by raster displays. 

camera point

See "eye point." 



cathode ray tube

A type of vacuum tube that is commonly used as a computer graphics output device. A thin beam
of electrons is shot at a spot on the inside of the tube’s face. The inside of the face is coated with
phosphors that emit light when the beam hits them. The beam is swept in a raster pattern to hit
every spot on the screen. The beam current is modulated to make light and dark areas on the
phosphors, forming an image. Cathode ray tube is usually abbreviated as CRT. 

chroma keying

An image compositing technique commonly used on video signals. An overlay video signal is
selected instead of a background video signal whenever the overlay isn’t a particular preset hue,
usually blue. Action shot in front of a blue screen can thereby appear on top of the background
signal. 

circular reasoning

See "reasoning, circular." 

color determination

The process of figuring out what the apparent color of a particular point on a particular primitive
is. This process is used to answer the question "What color is the object at this pixel?" 

color, diffuse

See "diffuse color." 

color, emissive

See "emissive color." 

color, specular

See "specular color." 

color index value

The input value to a color lookup table (LUT) of a display controller’s video back end operating in
pseudo color mode. Color index values are also referred to as pseudo colors. 

color lookup table

A table of color values in a display controller’s video back end. In pseudo color mode, it translates
the pseudo color values into RGB color values. In true color mode it becomes three separate
tables, one for each red, green, and blue component. It then translates the red, green, and blue pixel
component values to the final displayed red, green and blue component values. The color lookup
table is usually just called the LUT. 



color purity

The degree to which a color CRT can display just one of its three red, green, or blue primary
colors without displaying any portion of the other two. This is a measure of how much each
electron gun can only hit the phosphor dots of its color. 

color space

A scheme for describing different shades or colors. The RGB color space defines a shade as a
mixture of specific quantities of red, green, and blue. 

color space, RGB

See "RGB." 

color space, IHS

See "IHS." 

color wheel

A circular diagram of colors. The hue varies as the angle within the disc. Saturation increases from
the center outward. The entire disc is usually shown at the same intensity. 

compositing

The process of combining two images to yield a resulting, or composite, image. Alpha buffering is
a common compositing technique in computer graphics. 

compression

As used in this book, the process of encoding an image that contains redundant information such
that it requires less storage. Runlength and LZW encoding are examples of lossless compression
techniques. JPEG and MPEG are examples of lossy compression techniques. 

compression, JPEG

See "JPEG." 

compression, lossless

See "lossless compression." 

compression, lossy

See "lossy compression." 



compression, LZW

See "LZW compression." 

compression, MPEG

See "MPEG." 

compression, runlength encoding

See "runlength encoding." 

concave

A property of a polygon that has at least one vertex bulge inward instead of outward. See the text
for a more rigorous definition. 

constraint

A rule of an inverse kinematics or inverse dynamics animation system that must be adhered to in
solving the motion of all the objects. For example, a constraint in animating a walking human
might be "the lower end of the leg always remains joined to the foot at the ankle." 

constructive solid geometry

A modeling technique where complex shapes are built by combinations of simple shapes. Shapes
are combined with boolean operators such as AND, OR, XOR, MINUS, and NOT. For example, a
box with a hole thru it could be defined as box minus cylinder. 

control point

A point used in defining a spline. 

convergence

The degree to which all three electron beams of a color CRT meet at the same spot on the screen.
A poorly converged CRT will show the red, green, and blue components of the image slightly
offset from each other. This makes the image look blurry and produces color fringes around the
edges of objects. 

convex

A property of a polygon that bulges outward at all vertices. See the text for a more rigorous
definition. 

convolution

A mathematical operation that applies a weighted average defined by one function onto another



function. This is a very loose definition. A rigorous detailed one is beyond the scope of this book.
Anti-aliasing is often done with convolutions. coordinate space Error! Bookmark not defined. A
reference frame that defines numerical values, or coordinates, over an area (2D) or volume (3D). 

cross product

A mathematical operation performed on two vectors, yielding a third vector. The third vector is
always at right angles to the first two. 

CRT

See "cathode ray tube." 

CSG

See "constructive solid geometry." 

CSG operator

See "boolean operator." 

CSG AND operator

See "AND operator." 

CSG EXCLUSIVE OR operator

See "XOR operator." 

CSG INTERSECTION operator

See "AND operator." 

CSG MINUS operator

See "MINUS operator." 

CSG NOT operator

See "NOT operator." 

CSG OR operator

See "OR operator." 

CSG UNION operator

See "OR operator." 



CSG XOR operator

See "XOR operator." 

curved patch

A primitive used to model a small piece, or patch, of a surface. A curved patch, as opposed to a
polygon, can have edges that are not straight. 
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de-Gauss

An action performed on a CRT monitor to de-magnetize the CRT and any material near it. CRTs
are very sensitive to external magnetic fields. Such fields can cause alignment, convergence,
purity, and image distortion problems. Most CRT monitors automatically perform de-Gaussing
when they are first switched on. 

deflection yoke

Coils mounted on a CRT that are used to steer the electron beam. 

depth buffer

See "Z buffer." 

depth buffer rendering

See "Z buffer rendering." 

depth value

See "Z value." 

diffuse color

An object surface property defined in the Phong lighting model. An object’s diffuse color is
reflected equally in all directions. Visually, this is the not-shiny or dull color. 

diffuse reflection

The light reflected from an object that is reflected equally in all directions. These are the kind of
inter- object reflections that are modeled well by radiosity. 

direct evaluation (of object color)

The process of determining the apparent color of an object at a particular point by direct evaluation



of the lighting model, as opposed to interpolating from previously determined values. 

directional light

A light source that shines from the same direction at every point in the scene. This is a handy
shortcut for modeling far away light sources. 

displacement

A distance in a particular direction. A vector exactly describes a displacement. 

displacement vector

One of the vectors that defines a new coordinate system in terms of an old. The displacement
vector is the vector from the old coordinate system’s origin to the new coordinate system’s origin. 

display adapter

See "display controller." 

display controller

A piece of computer hardware that receives drawing commands from the processor and drives the
display. Some display controllers are commonly called the "video card", "display adapter",
"graphics card", or something similar. 

display controller, 2D

See "2D display controller." 

display controller, 2 1/2 D

See "2 1/2 D display controller." 

display controller, 3D

See "3D display controller." 

display controller, GUI engine

See "2D display controller." 

dither pattern

The particular pattern of threshold values used in dithering. Some dither patterns are random,
while others are applied as repeating tiles across the whole image. 

dithering



A technique for increasing an image’s apparent color (or gray scale) resolution without increasing
the number of color (or gray) levels actually used, at the cost of adding a "grainy" look to the
image. 

dot pitch

A measure of how closely spaced the phosphor triads are on the face of a color CRT. The triads
are arranged in a hexagonal pattern, and the dot pitch is the distance from the center of one triad to
the center of any of its six neighbors. Dot pitch usually specified in millimeters. Typical values are
from .2 to .3 mm. 

dot product

A mathematical operation of two vectors that produces a scalar. If both vectors have a length of
one (unit vectors), then the dot product is the perpendicular projection of one vector onto the other.

dot width

The width of a point, or dot, primitive. Unlike mathematical points, computer graphics point
primitives must have finite width to be visible. Many graphics subsystems allow the application to
specify a width for such point primitives. 

DPI

Dots per inch. This is a common measure of how close individual dots are on some output devices,
such as inkjet printers. 

DRAM

Dynamic random access memory. Most computer main memories are implemented with DRAM. 

drawing front end

See "front end." 

dye sublimation printer

See "printer, dye sublimation." 
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electron gun

The part of a cathode ray tube (CRT) that emits the electron beam. 

emissive color



An object surface property sometimes used with the Phong lighting model. An object’s emissive
color is independent of any illumination. It therefore appears as if the object were emitting the
color. 

even field

See "field, even." 

exclusive or

See "XOR operator." 

explicit surface modeling

A class of modeling techniques that define objects by providing an explicit list of patches that
cover their surfaces. These surface patches can be either polygons or any of a number of curved
surface patch types. Other modeling techniques work on volumes, or only define an object’s
surface implicitly. 

eye point

The point, or coordinate, a scene is being viewed from. This is also called the "eye point" or
"camera point". 

eye ray

A ray in ray tracing that originated at the eye point. All recursively generated rays have an eye ray
as their original ancestor. 

eye vector

A vector from anywhere in the scene to the eye point. Eye vectors are usually unitized before use.
The eye vector is needed in computing the apparent color when the object’s surface properties
include specular reflection. 
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facet shading

A shading method where the shading normal vector is taken from the geometric normal of the
surface actually drawn. This makes the surface patches visible, especially if they are planar. 

field

Half of a complete video frame when interlacing is used. The two fields are referred to as the odd
and the even. Each field contains only every other scan line. 

field, even



The first of the two fields that make up a frame in interlaced video. 

field, odd

The second of the two fields that make up a frame in interlaced video. 

film recorder

An computer output device that can write images to film. 

filter, anti-aliasing, box

See "anti-aliasing filter, box." 

filter, anti-aliasing, good quality

See "anti-aliasing filter, good quality." 

filter, box

See "anti-aliasing filter, box." 

filter kernel

The function that defines the relative weight of a point depending on its position. The relative
weight is used in computing a weighted average. This is actually a convolution operation, which is
commonly used in anti-aliasing. 

filtering

This is a broad word which can mean the removal of coffee grinds from the coffee. However,
within the narrow usage of this book, a filtering operation is the same as a convolution operation
(see "convolution"). Anti-aliasing is usually done by filtering. 

flat projection

A method of projecting a 3D scene onto a 2D image such that the resulting object sizes are not
dependent on their position. Flat projection can be useful when a constant scale is needed
throughout an image, such as in some mechanical drawings. 

flat shading

A shading method where each pixel of a primitive is drawn with the same color. 

form factors

The name for the illumination coupling factors between polygons used in radiosity. Each form



factor indicates how much light from one polygon will reach another polygon. 

fractal

Something that has infinite detail. You will always see more detail as you magnify a small portion
of a fractal. Mandelbrot set functions are examples of 2D fractals. 

frame

One complete video image. When interlacing is used, a frame is composed of two fields, each
containing only half the scan lines. 

front end

The part of a display controller that receives drawing commands from the processor and writes the
primitives into the bitmap. 
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gaze direction

The direction the virtual camera is pointed in the scene description. The center of the image will
display whatever is along the gaze direction from the eye point. 

geometric normal vector

A normal vector of the primitives as they are actually drawn. This often differs from the normal
vector of the surface that was being modeled. Facet shading results when the shading normal
vector is taken from the geometric normal vector. 

GIF

A file format for storing images. GIF stands for Graphics Interchange format, and is owned by
Compuserve, Inc. 

Gouraud shading

See "interpolation, bi-linear." 

graftal

A modeling technique where complex shapes are defined as relatively simple, recursive
procedures. 

graphic primitive

An object that the graphics system is capable of drawing into the bitmap. Examples are lines,
points, and some polygons. 



graphics card

See "display controller." 

GUI engine

See "2D display controller." 
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hard copy

A copy of computer data that is directly readable by a human without using the computer. A
printout is a good example of a hard copy. 

HLS

Another name frequently used for the same thing as IHS. See "IHS." 

homogeneous

Constant throughout. 

horizontal refresh rate

See "refresh rate, horizontal." 

HSV

Another name frequently used for the same thing as IHS. See "IHS." 

HTML

HyperText Markup Language. The text formatting language used by documents on the world wide
web. 
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IHS

A color space where colors are defined by their intensity, hue, and saturation attributes. This is
sometimes referred to as HSV, which stands for "hue, saturation, value." 

image

A two dimensional array of pixels that together form a picture. 



image file

A computer file that contains an image. 

implicit surface modeling

A class of modeling techniques that define an object by its surface, but without explicitly
providing primitives that make up the surface. Examples are potential functions and iso-surfaces. 

ink jet printer

See "printer, ink jet." 

internet

The name for the global network connecting many computers to each other. 

interpolation

The mathematical process of determining plausible in-between values, given explicit values at
particular points. Pixel values of polygons are often interpolated from values explicitly calculated
at the vertices. Interpolation is usually much faster than explicitly calculating values. 

inverse dynamics

A method for specifying motion in an animation. Linkages and other constraints are defined for
the objects. A final state is then specified for some of the objects, and the computer calculates the
motion of all the objects so that the final state is reached. Unlike in inverse kinematics, dynamic
properties are taken into account, such as momentum, friction, energy loss in collisions, etc. 

inverse kinematics

A method for specifying motion in an animation. Linkages and other constraints are defined for
the objects. A final state is then specified for some of the objects, and the computer calculates the
motion of all the objects so that the final state is reached. 

iso-surface

An implicit surface that exists wherever a continuous scalar field in a volume is at a particular
value (the iso-value). 

interpolation, bi-linear

See "bi-linear interpolation." 

INTERSECTION operator

See "AND operator." 



- - - - J - - - -

jaggies

See "aliasing." 

JAVA

A platform-independent way of defining procedures for use with world wide web documents. 

JPEG

A lossy image file compression technique for still images. 
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key frame

A selected frame of an animation at which all the scene state is defined. In the key frame
animation method, the scene state at key frames is interpolated to create the scene state at the
in-between frames. 

key frame animation

An animation control method that works by specifying the complete scene state at selected, or key,
frames. The scene state for the remaining frames is interpolated from the state at the key frames. 

key frame interpolation, linear
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laser printer

See "printer, laser." 

left vector

A vector sometimes used to define the virtual camera orientation in a scene description. This is
more typically done with an up vector. 

light, ambient

See "ambient light." 

light attenuation

The property of light to get dimmer with distance from the light source. Real light intensity is



proportional to 1/R2, where R is the distance from the light source. 

light, directional

See "directional light." 

light, point

See "point light source." 

light, point with 1/R2 falloff

See "point light source with 1/R2 falloff." 

light ray

A ray in ray tracing that is launched from a point on an object towards a light source. The ray is
used to determine whether the light source is illuminating the point. If the ray reaches the light
source without hitting anything, then the light source is illuminating the point. 

light source

A scene object that illuminates other objects. 

light, spot

See "spot light source." 

light vector

A vector from a point on an object towards a light source. Light vectors are usually unitized before
use. A light vector is needed for each light source in computing the apparent color when the
object’s surface properties include diffuse or specular reflection. 

linear interpolation

Interpolation is the process of determining plausible in-between values, given explicit values at
particular points. Linear means that the values fall along a line from one known point to the next.
This means the value changes a fixed amount for a fixed-sized step. Sometimes the term "linear
interpolation" is used to refer to "bi-linear interpolation". 

linear shading

See "bi-linear interpolation." 

logical operator

See "boolean operator." 



lookat point

A point in the scene that will project to the center of the image. The gaze vector points from the
eye point towards a lookat point. 

lossless compression

A compression scheme (see "compression") where all data is preserved. The data may be
compressed and de-compressed any number of times without causing any changes. The
compression ratio of lossless compression schemes is generally lower than that of lossy schemes.
Runlength and LZW encoding are examples of lossless compression schemes. 

lossy compression

A compression scheme (see "compression") where some data may be irreversibly lost, in favor of
a high compression ratio. Many lossy schemes can trade off between amount of loss and the
compression ratio. JPEG and MPEG are examples of lossy compression schemes for images. 

lookup table

See "color lookup table." 

LUT

See "color lookup table." 

LZW compression

A digital data compression scheme that works by identifying and compressing recurring patterns
in the data. LZW stands for Lempel-Ziv and Welch. Unisys corporation now claims that LZW
compression is covered by its U.S. patent number 4,558,302. 
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mach bands

An optical illusion caused by a sudden change in the rate of change of the brightness
(discontinuities in the brightness’ second derivative). This can give the appearance of a light or
dark line at the sudden change. 

mandelbrot set

A popular mathematical function that exhibits fractal characteristics. 

material properties

See "surface properties." 



MINUS operator

A constructive solid geometry (CSG) modeling operation on two objects. For the operation "a
MINUS b", the resulting object exists wherever A existed without being coincident with B. This
operation can also be expresses "a AND (NOT b)." 

modeling

As used in this book, the process of creating a description of an object or scene for the purpose of
subsequent rendering. 

modeling, explicit surface

See "explicit surface modeling." 

modeling, implicit surface

See "implicit surface modeling" 

modeling, level of detail

modeling, polygon

See "polygon modeling." 

modeling, potential functions

See "potential function." 

modeling, procedural

See "procedural modeling." 

modeling, space subdivision

See "space subdivision modeling." 

monitor

A piece of computer hardware for the live display of output. A monitor is different from a CRT, in
that a monitor is the complete user-accessible unit that includes a case, power supply, knobs, etc.
Many monitors use a CRT as the main imaging component, but other technologies are also used,
such as flat panels. 

MPEG

A lossy image file compression technique for motion pictures or animation sequences. 
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normal vector

A vector pointing straight our from (at right angles to) a surface. 

normal vector, geometric

See "geometric normal vector." 

NOT operator

A constructive solid geometry (CSG) modeling operation on one object. The resulting object exists
only where the original object did not. 

NURBS

Non Uniform Rational B-Splines. A particular type of surface spline for making curved surface
patches in modeling complex shapes. These type of splines are supported by many computer aided
design (CAD) systems. 
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object hierarchy ray tracing

See "ray tracing, object hierarchy." 

octree

A hierarchical method for subdividing a volume. In this method, the volume is originally
represented as one rectangular box (parallelpiped, to be more precise). If more detail is needed, the
box is split exactly in half along each of its three major dimensions, yielding eight smaller boxes.
This process is repeated on each sub-box until the desired level of detail is achieved, or an
arbitrary subdivision limit is reached. Octrees are the 3D equivalent of quadtrees. 

odd field

See "field, odd." 

OpenGL

A 3D graphics procedural interface. It was developed by Silicon Graphics, Inc., based on their
earlier proprietary GL graphics library. 

OR operator

A constructive solid geometry (CSG) modeling operator on two objects. The resulting object exists



where either or both input objects exist. This operation is also call UNION. 

origin

The point in a coordinate space where all coordinates are zero. 

orthographic projection

See "flat projection." 

overlay where not zero

A simple image compositing method where the overlay image results wherever it’s not zero, and
the background image results wherever the overlay image is zero. This method is rather simplistic,
but is sometimes supported in low-end hardware. It can be useful in overlaying text, for example.
Alpha buffering is a more general compositing method. 

- - - - P - - - -

palette image format

A format for storing an image that works much like pseudo color in a display controller. Each
pixel contains a color ID instead of the actual color value. The true color represented by each color
ID is defined in a table called the palette, which must also be stored with the image. A palette is
much like a LUT in a pseudo color display controller. 

parametric animation

An animation control method where scene state is determined by mathematical functions or
computer procedures that take animation time as an input parameter. 

particle system

A modeling technique where objects are defined by the collective tracks of many individual
particles. Randomness is usually used to determine the details for each particle automatically,
although overall guidance is supplied by the user. 

persistence of vision

The property of the human visual system to continue seeing an image a short time (fraction of a
second) after it has gone away. 

perspective projection

A method of projecting a 3D scene onto a 2D image such that distant objects are displayed smaller
than near ones. A normal camera produces images using perspective projection. 

phong lighting model



A particular method for computing the apparent color of an object at a particular point. 

phong shading

A shading method where the shading normal vector is interpolated for each pixel, then used in a
separate apparent color calculation for that pixel. 

phosphor (or phosphors)

The material coating the inside of a CRT face. Phosphors have the special property that they emit
light when struck by an electron beam. 

phosphor persistence

The property of phosphors to stay lit a short time (fraction of a second) after the electron beam is
cut off or moved away. 

phosphor triad

One red, green, and blue phosphor dot on the face of a color CRT. The dots are arranged in an
equilateral triangle. Triads are arranged in a hexagonal pattern, such that each triad is the same
distance from each of its six neighbors. 

pixel

The smallest indivisible unit of a digital image. A pixel is always the same color throughout. An
image is a two dimensional array of pixels. 

point light source

A light source where all the light comes from one point. Although real light gets dimmer farther
from a light source, a computer graphics point light source shouldn’t be assumed to work that way
unless explicitly stated. 

point light source with 1/R2 falloff

A point light source where the light gets dimmer farther from the source. The light intensity is
proportional to 1/R2, where R is the distance to the light source. This formula is used because
that’s how real light works. 

point primitive

A graphic primitive that looks like a dot, or point. 

polygon primitive

A graphic primitive that is an area enclosed by a loop of straight edges. Triangles and squares are



examples of polygon primitives. 

polygon modeling

A modeling method where surfaces are approximated with abutting polygons. 

polyline primitive

A graphic primitive of end-to-end line segments. A polyline primitive is more efficient than each
of the line segments as separate vector primitives. 

potential function

A type of implicit surface. See the text for details. 

primitive

See "graphics primitive." 

primitive, point

See "point primitive." 

primitive, polygon

See "polygon primitive." 

primitive, polyline

See "polyline primitive." 

primitive, quad mesh

See "quad mesh primitive." 

primitive, vector

See "vector primitive." 

printer

Computer peripherals for producing hard copy on paper and other similar media. 

printer, dye sublimation

A type of printer that works by evaporating controlled amounts of dye from a ribbon onto the
page. The amount of dye can be accurately controlled, yielding continuous color resolution. Dye
sublimation printers are relatively expensive, but produce output comparable in quality to the



traditional wet silver photographic process. 

printer, ink jet

A type of printer that shoots tiny droplets of ink onto the page. Ink jet printers are a relatively low
cost way to get computer graphics output. 

printer, laser

A type of printer that works almost like a photocopier. The image is created by a laser under
computer control, instead of coming from an original document as in a photocopier. 

printer, thermal wax

See "printer, wax transfer." 

printer, wax transfer

A type of printer that works by depositing small specs of wax from a ribbon onto the page. The
ribbon is pressed against the page, and wax is transferred wherever the ribbon is heated. This type
of printer is also called "thermal wax." 

procedural model

An object model defined implicitly by a procedure that can produce volume or surface elements. 

projection, flat

See "flat projection." 

projection method

A scheme for mapping the 3D scene geometry onto the 2D image. 

projection, orthographic

See "flat projection." 

projection, perspective

See "perspective projection." 

pseudo color system

A graphics system that stores pseudo colors, instead of true colors, in its bitmap. Pseudo colors are
translated to true colors by the color lookup table (LUT). 

pseudo color value



See "color index value." 
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quad mesh primitive

A graphic primitive that contains a grid of quadrilaterals. A quad mesh primitive is more efficient
than the equivalent separate quadrilateral primitives. 

quadtree

A hierarchical method for subdividing an area. In this method, the area is originally represented as
one box (parallelogram, to be precise). If more detail is needed, the box is split exactly in half
along each of its two major dimensions, yielding four smaller boxes. This process is repeated on
each sub-box until the desired level of detail is achieved, or an arbitrary subdivision limit is
reached. Quadtrees are the 2D equivalent of octrees. 
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radiosity

A rendering method that takes into account diffuse reflection between objects. 

raster scan

The name for the pattern the electron beam sweeps out on a CRT face. The image is made of
closely spaced scan lines, or horizontal sweeps. 

ray casting

A term sometimes used to denote non-recursive ray tracing. 

ray, eye

See "eye ray." 

ray, light

See "light ray." 

ray tracing

A rendering method that follows rays of light backwards to eventually find what color they are.
Rays may be launched recursively when the color of a point on an object depends on incoming
light from specific known directions. For example, when a ray hits a reflective object, a recursive
ray is launched in the direction the reflected light is coming from. 



ray tracing, object hierarchy

A ray tracing speedup method where objects are kept track of in groups. These groups can be
further grouped in a hierarchy. A bounding volume is maintained for each group in the hierarchy.
If a ray doesn’t intersect a bounding volume, then it definitely doesn’t intersect any subordinate
object in the hierarchy. 

ray tracing, space subdivision

A ray tracing speedup method where the scene space is subdivided into blocks. A list is kept for
each block indicating which objects a ray could hit in that block. As a ray is traced, it is walked
thru the blocks, checking for intersection only with the objects listed in each block. 

ray tracing speed issues

reasoning, circular

See "circular reasoning." 

recursive ray tracing

See "ray tracing." 

reflection vector

A vector used in the phong lighting model to compute the specular reflection. It is usually unitized,
and points in the direction light is reflecting off the object. 

refresh rate

The rate at which parts of the image on a CRT are re-painted, or refreshed. The horizontal refresh
rate is the rate at which individual scan lines are drawn. The vertical refresh rate is the rate at
which fields are drawn in interlaced mode, or whole frames are drawn in non-interlaced mode. 

refresh rate, horizontal

The rate at which scan lines are drawn when the image on a CRT is re-drawn, or refreshed. 

refresh rate, vertical

The rate at which fields are re-drawn on a CRT when in interlaced mode, or the rate at which the
whole image is re-drawn when in non-interlaced mode. 

regular BSP tree

See "BSP tree, regular." 

rendering



The process of deriving an 2D image from the 3D scene description. This is basically the
"drawing" step. 

resolution

The measure of how closely spaced the pixels are in a displayed image. For example, if 1,024
pixels are displayed across a screen that is 12 inches wide, then the image has a resolution of 85
pixels per inch. 

RGB

A color space where colors are defined as mixtures of the three additive primary colors red, green,
and blue. 

right vector

A vector sometimes used to define the virtual camera orientation in a scene description. This is
more typically done with an up vector. 

runlength encoding

A lossless digital data compression scheme. It identifies identical consecutive values, and replaces
them with just one copy of the value and a repeat count. 
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scalar

A regular, single number, as opposed to a vector. 

scan line

One line in a raster scan. Also used to mean one horizontal row of pixels. 

scan line order

A way of arranging image data so that all the pixels for one scan line are stored or transmitted
before the pixels for the next scan line. 

scan rate

See "refresh rate." 

scattered light

See "secondary scatter." 



scene

The complete 3D description of everything needed to render an image. This includes all the object
models, the light sources, and the viewing geometry. 

secondary scatter

Light that is reflected from a non-emitting object that illuminates other objects. This is the kind of
inter- object illumination that is computed by radiosity. 

shading

This term is used several ways in computer graphics. However, shading always has something to
do with figuring out pixel color values, as opposed to figuring out the geometry or which pixels
are to be drawn. 

shading, bi-linear

See "bi-linear interpolation." 

shading, facet

See "facet shading." 

shading, flat

See "flat shading." 

shading, Gouraud

See "bi-linear interpolation." 

shading, linear

See "bi-linear interpolation." 

shading normal vector

The normal vector used in determining the apparent color of an object. In facet shading, the
shading normal is the geometric normal of the primitives used to model the surface. In smooth
shading, the shading normal is the normal vector of the surface that was modeled. The shading
normal vector may be further modified by bump mapping. 

shadow mask

A thin layer in a color CRT that the electron beams can not penetrate. It is suspended just in front
of (from the electron beam’s point of view) the phosphor screen. The shadow mask has one hole
for each phosphor color triad. Due to the position of the phosphor triads, the shadow mask holes,



and the angle of the three electron beams, each electron beam can only hit the phosphor dots of its
assigned color. 

SIGGRAPH

The Special Interest Group on Graphics of the Association for Computing Machinery (ACM).
SIGGRAPH is the premier professional association for computer graphics. 

smooth shading

Any shading technique that attempts to make the rendered surface look as close as possible to what
was modeled, instead of the primitives used to approximate that model. This is usually done by
taking the shading normal vector from modeled surface, instead of from the geometric normal
vector. 

solid texture

See "3D texture." 

space subdivision, adaptive

See "adaptive space subdivision." 

space subdivision modeling

A modeling technique where the scene is broken into small regions of space. A list of the objects
present is kept for each region. Examples of space subdivision modeling are BSP trees and octrees.

space subdivision ray tracing

See "ray tracing, space subdivision." 

specular color

The color of an object’s shiny highlights. Specular reflection also depends on the specular
exponent. Both these parameters are part of the object’s surface properties. 

specular exponent

This is a scalar value that controls the "tightness" of the specular highlights. A value of zero causes
the specular color to be reflected equally in all direction, just like the diffuse color. An infinite
value causes it to be reflected the same way a mirror would. Common values are about 5 to 60. 

spline, B

See "B spline." 

spline, beta



See "beta spline." 

spline patch

A curved surface which takes its shape from the placement of a set of control points. 

spot light source

A light source that does not shine in all directions, usually in a cone. This is a convenient hack for
modeling lamps with shades or reflectors, without actually having to compute the effect of the
shade or reflector during rendering. 

subpixel

An input pixel to an operation that uses multiple smaller pixels at higher resolution to compute
each resulting pixel at the final resolution. This is done, for example, in an anti-aliasing filtering
operation. 

surface orientation, apparent

See "apparent surface orientation." 

surface properties

The collective name for all the object-specific parameters that are used to compute the apparent
color of a point on that object. These include the diffuse color, specular color, etc. The term
"surface properties" is common but not standard. Other names for the same thing are "visual
properties", or "material properties". 
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temporal aliasing

Aliasing in time by animation frame, instead of spatially by pixel. The visual effect of temporal
aliasing has been called "strobing". Moving objects appear to jump thru a sequence of frozen steps,
instead of in smooth paths. 

tessellation level

The relative fineness or granularity of the patches used to model a surface. A model with smaller,
and therefore more patches is said to have a higher tessellation level. 

tessellation

The act of tiling a surface with individual surface patches. 

texil



One pixel of a texture map, where the texture map is an image. In diffuse color texture mapping,
the texture value is a color. The texture color values are therefore often supplied as an image. A
texil is one pixel of this image, as opposed to one pixel of the final image being rendered. 

texture, 3D

See "3D texture." 

texture map

The external function that supplies the texture value in texture mapping. In diffuse color texture
mapping, the texture map is a set of color values in two dimensions. This is usually specified as an
image. Note, however, that not all texture maps are images, because not all textures are two
dimensional color values. Bump mapping is a form of texture mapping where the texture is not an
image, since the texture values are shading normal vector perturbations instead of colors. 

texture mapping

The process where some parameter of the apparent color computation is replaced by an external
function, called the texture map. A common example is texture mapping an object’s diffuse color
from an image. This gives the appearance of the image painted onto the object. Bump mapping is
another form of texture mapping discussed in this book. 

texture mapping, diffuse color

A form of texture mapping where the texture defines the object’s diffuse color. This gives the
appearance of pasting the texture image onto the object. 

texture mapping, normal vector perturbations

See "bump mapping." 

thermal wax printer

See "printer, wax transfer." 

TIFF

Tag Image File Format. A common image file format. Just about all applications that can import
image files support the TIFF format. 

toner

The material that is deposited onto the page to form the image in a photocopier or laser printer. 

transform, 3D



See "3D transform." 

transformation matrix, 3D

See "3D transform." 

transparency value

See "alpha value." 

triad

See "phosphor triad." 

triangle strip primitive

A graphic primitive that contains a set of successively abutting triangles. A triangle strip primitive
is more efficient that the equivalent separate triangle primitives. It is also called a "Tstrip." 

true color system

A graphics system that stores true colors, as opposed to pseudo colors, in its bitmap. 

Tstrip primitive

See "triangle strip primitive." 
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UNION operator

See "OR operator." 

unit vector

A vector of length, or magnitude, one. 

unitize

To make a vector a unit vector. This means adjusting its length to be one without effecting the
direction it’s pointing. 

up vector

A vector used to define the orientation of the virtual camera in a scene description. 
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vector

A value that has a direction and a magnitude (length). Plain numbers can be called "scalars" to
explicitly distinguish them from vectors. 

vector addition

The process of adding two vectors, which results in another vector. 

vector, basis

See "basis vector." 

vector cross product

See "cross product." 

vector dot product

See "dot product." 

vector, eye

See "eye vector." 

vector, geometric normal

See "geometric normal vector." 

vector, left

See "left vector." 

vector, light

See "light vector." 

vector primitive

A graphics primitive that looks like a line segment. Unlike mathematical line segments, vector
primitives have finite widths. 

vector, reflection

See "reflection vector." 

vector, right



See "right vector." 

vector scaling

An operation of a vector and a scalar. The resulting vector is the same as the input vector, except
that its magnitude (length) is multiplied by the scalar. Scaling a vector by the reciprocal of its
magnitude results in a unit vector. 

vector, shading normal

See "shading normal vector." 

vector thickness

The width of a vector, or line segment, primitive. Unlike mathematical line segments, computer
graphics vector primitives must have a finite width to be visible. Many graphics systems allow the
application to specify a width for such primitives. 

vector, unit

See "unit vector." 

vector unitize

See "unitize." 

vector, up

See "up vector." 

vertical refresh rate

See "refresh rate, vertical." 

video back end

The part of a display controller that reads the pixel data in the bitmap and produces the live video
signals. Among other components, the back end contains the color lookup tables (LUTs), the
digital to analog converters (DACs), and the logic to generate the video timing signals. 

video card

See "display controller." 

view direction

See "gaze direction." 



view point

See "eye point." 

virtual reality

A name loosely applied to systems that attempt to immerse the user in a virtual world generated by
the computer. This is often done with a stereoscopic display that is updated based on head
position, and usually includes some sort of 3D pointing device. More advanced systems include
3D sound and some form of touch feedback. This is still a rapidly changing area. 

visual properties

See "surface properties." 

voxel

A unit of subdivided space. Voxel stands for "volume element". Nodes in an octree, for example,
are referred to as voxels. 

VRAM

Video random access memory. This is really DRAM with additional features specifically for use
as bitmap memory in display controllers. VRAM typically costs twice as much as DRAM, but
allows the drawing engine full access to the bitmap independent from the video back end. This can
increase the hardware drawing rate. 

VRML

Virtual Reality Modeling Language. The standard description language for 3D graphics in world
wide web documents. 
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wax transfer printer

See "printer, wax transfer." 

web browser

Software that can read and display world wide web documents. 

wire frame

A rendering method where only the outline of objects and primitives are drawn. 

world wide web



A set of interconnected documents on the internet that adhere to the HTML standard. The world
wide web is often abbreviated to WWW. 

WWW

See "world wide web." 

- - - - X - - - -

XOR operator

A constructive solid geometry (CSG) modeling operation on two objects. The resulting object
exists where each object existed alone, not coincident with each other. XOR is an abbreviation for
"exclusive or." 

X Windows

A window management and 2D graphics environment that is very common on Unix systems. 

- - - - Y - - - -
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Z buffer

The collective name for all the Z values in a bitmap. 

Z buffer rendering

A rendering method where an additional depth, or Z, value is kept per pixel. A pixel is only
overwritten by a new primitive if the new Z value represents a shorter distance, or depth, from the
eye point. The end result is an image of the front most surface of the front most objects. 

Z value

The name for the value that represents distance from the eye point in a Z buffer rendering system. 
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Where things are (e.g., coordinates)
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How things are connected
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Geometry: PointsGeometry: Points

2D or 3D

Not necessarily circular dots – can be 
any “marker”

The string of points is sometimes 
referred to as a “polymarker”
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LinesLines

2D or 3D

Topology varies

Sometimes referred to as a “polyline”

Defined as a list of points
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Why “y=Why “y=mxmx+b” Isn't Good for Graphics +b” Isn't Good for Graphics 
Applications SoftwareApplications Software

P1

P2

•• Cannot represent vertical lines ( m = Cannot represent vertical lines ( m = infinf))

•• Can only represent infinite lines, not finite Can only represent infinite lines, not finite 
line segmentsline segments

•• Can only represent 2D lines, not 3DCan only represent 2D lines, not 3D
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Parametric Line EquationParametric Line Equation

P1P1

P2P2

x = X1 + t * ( X2 - X1 )x = X1 + t * ( X2 - X1 )
y = Y1 + t * ( Y2 - Y1 )y = Y1 + t * ( Y2 - Y1 )
x = Z1 + t * ( Z2 - Z1 )x = Z1 + t * ( Z2 - Z1 )

0.0 <= t <= 1.00.0 <= t <= 1.0
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Can Also Be Thought ofCan Also Be Thought of
As a Blending FunctionAs a Blending Function

P1P1

P2P2

0.0 <= t <= 1.00.0 <= t <= 1.0

x = (1-t) * X1  +  t * X2x = (1-t) * X1  +  t * X2

y = (1-t) * Y1  +  t * Y2y = (1-t) * Y1  +  t * Y2
z = (1-t) * Z1  +  t * Z2z = (1-t) * Z1  +  t * Z2
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Linear Blending Shows Up in a Lot of Linear Blending Shows Up in a Lot of 
Computer GraphicsComputer Graphics  ApplicationsApplications

q = Q1 + t * ( Q2 - Q1 )q = Q1 + t * ( Q2 - Q1 )

q = (1 - t ) * Q1  +  t * Q2q = (1 - t ) * Q1  +  t * Q2

You can linearly blend any two quantities with:

or, if you’d prefer:

color, shape, location, angle, scale factors, •••
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Line TopologiesLine Topologies

LinesLines

Line StripLine Strip

Line LoopLine Loop
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PolygonsPolygons

•• PlanarPlanar

•• Defined as a closed sequence of pointsDefined as a closed sequence of points

•• 2D or 3D2D or 3D
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Sidebar: What is “Planar?”Sidebar: What is “Planar?”
(A,B,C)(A,B,C)

PP00 P = ( x, y, z )P = ( x, y, z )

If the point P is    on   the plane, then:If the point P is    on   the plane, then:
aboveabove

belowbelow

Ax + By +Ax + By + Cz Cz  –  (Ax  –  (Ax00 + By + By00 + Cz + Cz00)   =   0)   =   0
>>

<<
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Some Special Polygon TopologiesSome Special Polygon Topologies

TriangleTriangle

QuadrilateralQuadrilateral

Triangular FanTriangular Fan

Triangular StripTriangular Strip

Quadrilateral StripQuadrilateral Strip
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Polygon Patterns: Color InterpolationPolygon Patterns: Color Interpolation

Referred to as Smooth Shading,
or Gouraud Shading
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Polygon Patterns: Color InterpolationPolygon Patterns: Color Interpolation
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Polygon Patterns: Texture MappingPolygon Patterns: Texture Mapping
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Texture Mapping:Texture Mapping:
Automatically-Generated TexturesAutomatically-Generated Textures
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ConvexConvex vs vs. Concave. Concave

ConvexConvex ConcaveConcave
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Higher Order GeometryHigher Order Geometry

When we draw a line, we do not need When we draw a line, we do not need 
to specify all pixel points along the to specify all pixel points along the 
line – we just give the endpoints and line – we just give the endpoints and 
let the equation determine the let the equation determine the 
interior pointsinterior points

Can we do the same with otherCan we do the same with other
curve and surface types?curve and surface types?
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ConicsConics

x =x = Rcos Rcosθθ

y =y = Rsin Rsinθθ

RR

AA
BB

x =x = Acos Acosθθ

y =y = Bsin Bsinθθ

CircleCircle EllipseEllipse

Parabola, Hyperbola, • • •Parabola, Hyperbola, • • •
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0.0  0.0  ≤≤  t   t ≤≤ 1.0 1.0

x =x = Rcos Rcos((360360tt))

y =y = Rsin Rsin((360360tt))

RR

AA
BB

x =x = Acos Acos((360360tt))

y =y = Bsin Bsin((360360tt))

It is often handy to think of the independent It is often handy to think of the independent 
parameter as consistently varying from 0.0 to 1.0parameter as consistently varying from 0.0 to 1.0
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QuadricsQuadrics
SphereSphere

Ellipsoid,Ellipsoid, Paraboloid Paraboloid,, Hyperboloid Hyperboloid , [ , [TorusTorus,] • • •,] • • •
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Arbitrary CurvesArbitrary Curves

How do we control what goes on in here?How do we control what goes on in here?
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We could just fill these 12 constants with We could just fill these 12 constants with 
random numbers, but there must be a random numbers, but there must be a 
better waybetter way

Cubic CurvesCubic Curves

x  =  Atx  =  At33  +  Bt  +  Bt22  +  +  Ct  Ct  +  D  +  D

z  =  Itz  =  It33    +  Jt    +  Jt22  +  +  Kt  Kt  +  L  +  L

y  =  Ety  =  Et33  +  Ft  +  Ft22  +  +  Gt  Gt  +  H  +  H

0.0  0.0  ≤≤  t   t ≤≤ 1.0 1.0
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HermiteHermite, or Coons, Cubic Curve, or Coons, Cubic Curve

Specify the two end points Specify the two end points 
and two end slopes – solve and two end slopes – solve 
for A-Lfor A-L
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BézierBézier Cubic Curves Cubic Curves

Specify the two end points Specify the two end points 
and two “control points” – and two “control points” – 
solve for A-Lsolve for A-L
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BiCubicBiCubic Surfaces Surfaces

AsAs33tt33  +  Bs  +  Bs33tt22  +  Cs  +  Cs33t  +  Dst  +  Ds33 +   +  
EsEs22tt33  +  Fs  +  Fs22tt22  +  Gs  +  Gs22t  +  Hst  +  Hs22  +   + 
IstIst33  +  Jst  +  Jst22  +  +  Kst  Kst  + Ls  +   + Ls  + 
MtMt33  +  Nt  +  Nt22  +  +  Ot  Ot  +   P  +   P

0.0  0.0  ≤≤  s,t   s,t ≤≤ 1.0 1.0

X(s,t)  =  X(s,t)  =  
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Bézier BicubicBézier Bicubic Surfaces Surfaces
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Bézier BicubicBézier Bicubic Surfaces Surfaces
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TransformationsTransformations

Mathematical equationsMathematical equations
to change an object’s coordinatesto change an object’s coordinates
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Linear EquationsLinear Equations

x’ = Ax + By +x’ = Ax + By + Cz Cz + D + D

y’ = Ex +y’ = Ex + Fy Fy + + Gz Gz + H + H

z’ = Ix +z’ = Ix + Jy Jy + + Kz Kz + L + L

Transform the geometry – leave the topology as isTransform the geometry – leave the topology as is
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TranslationTranslation

x’ = x + ∆x

y’ = y + ∆y

z’ = z + ∆z

∆∆xx

∆y
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ScalingScaling

x’ = x *x’ = x * Sx Sx

y’ = y *y’ = y * Sy Sy

z’ = z *z’ = z * Sz Sz
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2D Rotation2D Rotation

x’ =x’ = xcos xcosθθ - - ysin ysinθθ

y’ =y’ = xsin xsinθθ + + ycos ycosθθ
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Linear Equations in Matrix FormLinear Equations in Matrix Form

x’ = Ax + By +x’ = Ax + By + Cz Cz + D + D
y’ = Ex +y’ = Ex + Fy Fy + + Gz Gz + H + H
z’ = Ix +z’ = Ix + Jy Jy + + Kz Kz + L + L

x’x’
y’y’
z’z’
11

A  B  C  DA  B  C  D
E  F  G  HE  F  G  H
I  J  K  LI  J  K  L
0  0  0  10  0  0  1

== **

xx
yy
zz
11
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Identity MatrixIdentity Matrix

x’ =  xx’ =  x
y’ =       yy’ =       y
z’ =            zz’ =            z

x’x’
y’y’
z’z’
11

1  0  0  01  0  0  0
0  1  0  00  1  0  0
0  0  1  00  0  1  0
0  0  0  10  0  0  1

== **

xx
yy
zz
11

[I][I] signifies that “Nothing has changed” signifies that “Nothing has changed”

SAN DIEGO SUPERCOMPUTER CENTER

University of California, San Diego

Matrix InverseMatrix Inverse

[M]•[M][M]•[M]-1-1 = [I] = [I]

[M]•[M][M]•[M]-1-1 =  = “Nothing has changed”“Nothing has changed”

“Whatever “Whatever [M][M] does,  does, [M][M]-1-1 undoes” undoes”
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TranslationTranslation

1  0  0  1  0  0  ∆∆xx
0  1  0  0  1  0  ∆∆yy
0  0  1  0  0  1  ∆∆zz
0  0  0   10  0  0   1

== **

x’x’
y’y’
z’z’
11

xx
yy
zz
11

x’ = x + x’ = x + ∆∆xx
y’ = y + y’ = y + ∆∆yy
z’ = z + z’ = z + ∆∆zz
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ScalingScaling

SxSx  0  0  0  0  0  0
00  Sy  Sy  0  0  0  0
0  00  0  Sz  Sz  0  0
0  0  0   10  0  0   1

== **

x’x’
y’y’
z’z’
11

xx
yy
zz
11

x’ = x *x’ = x * Sx Sx
y’ = y *y’ = y * Sy Sy
z’ = z *z’ = z * Sz Sz
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2D Rotation2D Rotation

coscosθθ  -sin  -sinθθ  0  0  0  0
sinsinθθ   cos   cosθθ  0  0  0  0
 0      0    1  0 0      0    1  0
 0      0    0  1 0      0    0  1

== **

x’x’
y’y’
z’z’
11

xx
yy
zz
11

x’ =x’ = xcos xcosθθ - - ysin ysinθθ
y’ =y’ = xsin xsinθθ + + ycos ycosθθ
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3D Rotation About Z3D Rotation About Z

XX

YY

ZZ

coscosθθ  -sin  -sinθθ  0  0  0  0
sinsinθθ   cos   cosθθ  0  0  0  0
 0      0    1  0 0      0    1  0
 0      0    0  1 0      0    0  1

== **

x’x’
y’y’
z’z’
11

xx
yy
zz
11
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3D Rotation About Y3D Rotation About Y

XX

YY

ZZ

coscosθθ   0  sin   0  sinθθ  0  0
  0     1   0    00     1   0    0
-sin-sinθθ  0  0  cos  cosθθ  0  0
  0     0   0    10     0   0    1

== **

x’x’
y’y’
z’z’
11

xx
yy
zz
11
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3D Rotation About X3D Rotation About X

XX

YY

ZZ

 1   0      0    0 1   0      0    0
 0 0  cos  cosθθ  -sin  -sinθθ  0  0
 0  sin 0  sinθθ   cos   cosθθ  0  0
 0   0      0    1 0   0      0    1

== **

x’x’
y’y’
z’z’
11

xx
yy
zz
11
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Compound TransformationsCompound Transformations

[T [T -A,-B-A,-B]]== **

x’x’
y’y’
z’z’
11

xx
yy
zz
11 ))(( ))(([R [R θθ]] **[T [T +A,+B+A,+B]]**

XX

YY

AA

BB

θθ

Write itWrite it

Say itSay it
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Matrix Multiplication is Not CommutativeMatrix Multiplication is Not Commutative

XX

YY Rotate, then translateRotate, then translate

Translate, then rotateTranslate, then rotate XX

YY

XX

YY
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Matrix Multiplication is AssociativeMatrix Multiplication is Associative

[T [T -A,-B-A,-B]]==
x’x’
y’y’
z’z’
11

**

xx
yy
zz
11))(( ))(( [R [R θθ]]**[T [T +A,+B+A,+B]]**

[T [T -A,-B-A,-B]]==
x’x’
y’y’
z’z’
11

**

xx
yy
zz
11 ))(( ))(([R [R θθ]] **[T [T +A,+B+A,+B]]**
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Can Multiply All GeometryCan Multiply All Geometry
by One Matrix !by One Matrix !

XX

YY

AA

BB

θθ

==
x’x’
y’y’
z’z’
11

**

xx
yy
zz
11))(( MM

Hardware can do this very quickly!Hardware can do this very quickly!
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Transformation HierarchiesTransformation Hierarchies

11

22

33
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Transformation HierarchiesTransformation Hierarchies

θθ11

θθ22

θθ33

GroundGround

11

22

33
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Positioning Part #1Positioning Part #1
With Respect to GroundWith Respect to Ground

Write itWrite it

Say itSay it

1. Rotate by 1. Rotate by θθ11
2. Translate by 2. Translate by ∆∆1/G1/G

[M[M3/G3/G] = [T] = [T1/G1/G] * [R] * [Rθ1θ1]]

= [M= [M1/G1/G]]
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Positioning Part #2Positioning Part #2
With Respect to GroundWith Respect to Ground

Write itWrite it

Say itSay it

1. Rotate by 1. Rotate by θθ22
2. Translate the length of part 12. Translate the length of part 1
3. Rotate by 3. Rotate by θθ11
4. Translate by 4. Translate by ∆∆1/G1/G

[M[M2/G2/G] = [T] = [T1/G1/G] * [R] * [Rθ1θ1] * [T] * [T2/12/1] * [R] * [Rθ2θ2]]

= [M= [M1/G1/G]        * [M]        * [M2/12/1]]
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Positioning Part #3Positioning Part #3
With Respect to GroundWith Respect to Ground

Write itWrite it

Say itSay it

1. Rotate by 1. Rotate by θθ33
2. Translate the length of part 22. Translate the length of part 2
3. Rotate by 3. Rotate by θθ22
4. Translate the length of part 14. Translate the length of part 1
5. Rotate by 5. Rotate by θθ11
6. Translate by 6. Translate by ∆∆1/G1/G

[M[M3/G3/G] = [T] = [T1/G1/G] * [R] * [Rθ1θ1] * [T] * [T2/12/1] * [R] * [Rθ2θ2] * [T] * [T3/23/2] * [R] * [Rθ3θ3]]

= [M= [M1/G1/G]        * [M]        * [M2/12/1]        * [M]        * [M3/23/2]]
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Application Programming InterfacesApplication Programming Interfaces
(APIs)(APIs)

•• OpenGLOpenGL

•• Direct3DDirect3D

•• VRMLVRML

•• Java 3DJava 3D

•• FahrenheitFahrenheit

The way the application gains access to the graphicsThe way the application gains access to the graphics
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Sample ProgramSample Program

θθ11

θθ22

θθ33

GroundGround

11

22

33
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Sample ProgramSample Program

DrawLinkOneDrawLinkOne( )( )
{{

glBeginglBegin( GL_LINE_LOOP );( GL_LINE_LOOP );
glVertex2f(    -BUTT, -THICKNESS/2 );glVertex2f(    -BUTT, -THICKNESS/2 );
glVertex2f( LENGTH_1, -THICKNESS/2 );glVertex2f( LENGTH_1, -THICKNESS/2 );
glVertex2f( LENGTH_1,  THICKNESS/2 );glVertex2f( LENGTH_1,  THICKNESS/2 );
glVertex2f(    -BUTT,  THICKNESS/2 );glVertex2f(    -BUTT,  THICKNESS/2 );

glEndglEnd();();
}}

11
BUTTBUTT

THICKNESSTHICKNESS

LENGTH_1LENGTH_1
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Sample ProgramSample Program
DrawMechanismDrawMechanism( ( θθ1, 1, θθ2, 2, θθ3 )3 )

float float θθ1, 1, θθ2, 2, θθ3;3;
{{

glPushMatrixglPushMatrix();();
glRotatefglRotatef( ( θθ1,  0., 0., 1. );1,  0., 0., 1. );
glIndexiglIndexi( RED );( RED );
DrawLinkOneDrawLinkOne();();

glTranslatefglTranslatef( LENGTH_1, 0., 0. );( LENGTH_1, 0., 0. );
glRotatefglRotatef( ( θθ2,  0., 0., 1. );2,  0., 0., 1. );
glIndexiglIndexi( GREEN );( GREEN );
DrawLinkTwoDrawLinkTwo();();

glTranslatefglTranslatef( LENGTH_2, 0., 0. );( LENGTH_2, 0., 0. );
glRotatefglRotatef( ( θθ3,  0., 0., 1. );3,  0., 0., 1. );
glIndexiglIndexi( BLUE );( BLUE );
DrawLinkThreeDrawLinkThree();();

glPopMatrixglPopMatrix();();
}}
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Sample ProgramSample Program
glViewportglViewport( 100, 100,   500, 500 );( 100, 100,   500, 500 );

glMatrixModeglMatrixMode( GL_PROJECTION );( GL_PROJECTION );
glLoadIdentityglLoadIdentity( );( );
gluPerspectivegluPerspective( 90., 1.0, 1.,  10. );( 90., 1.0, 1.,  10. );

glMatrixModeglMatrixMode( GL_MODELVIEW );( GL_MODELVIEW );
glLoadIdentityglLoadIdentity( );( );

done = FALSE;done = FALSE;
while( ! done )while( ! done )
{{

<<    Determine <<    Determine θθ1, 1, θθ2, 2, θθ3    >>3    >>
glPushMatrixglPushMatrix();();
gluLookAtgluLookAt(( eyex eyex,, eyey eyey,, eyez eyez,,
           centerx           centerx,, centery centery,, centerz centerz,,

               upx               upx,, upy upy,, upz upz ); );
DrawMechanismDrawMechanism( ( θθ1, 1, θθ2, 2, θθ3 );3 );
glPopMatrixglPopMatrix();();

}}

Where in the Where in the 
window to window to 
display (pixels)display (pixels)

Viewing Info: Viewing Info: 
field of view field of view 
angle, x:y aspect angle, x:y aspect 
ratio, near, farratio, near, far

Whatever Whatever 
interaction is interaction is 
being usedbeing used

Eye positionEye position
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Good Geometry ReferencesGood Geometry References
BartelsBartels,, Beatty Beatty,, Barsky Barsky, , An Introduction toAn Introduction to Splines Splines for use  for use 
in Computer Graphics and Geometric Modelingin Computer Graphics and Geometric Modeling, , 
Morgan-Morgan-KaufmannKaufmann, 1987., 1987.
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Graphics Gems 1-5Graphics Gems 1-5 , Academic Press. , Academic Press.


